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(57)[ABSTRACT of the Disclosure] 
(Amendments Included) 

i^M] [SUBJECT of the Invention] 

^7X-v^a^(^{cjott'5#iSL Detection sensitivity of micro foreign material in 

fc^/J^M^(7)^^±iigJg^[^_hL, plasma processing room wiiich floated is 

•cy^XV^SMl^cD^^^jyta improved, and realjime monitoring of 

6oyr/^i?-fi^^::^^!J;y^^^isj|g contamination situation in plasma processing 

t'i'^o room is enabled. 

inm^m] [PROBLEM to be solved] 

^S(7)^:ft^>ft't. Bf^com^ Irradiation optical system 101 which irradiates 

i^l?3iS'^PL7t^^(Dt:'— A two or more beams which have desired 

^tu IBMiaS 1 1^ (cfS^lt-f wavelength and carried out intensity modulation 

M^^moit. ^(DWnn^yt^m on desired frequency in said processing 

ti^^f^^X^^j^MLX^^LX chamber 1, scattered-light detection optical 

it^\^mmi-zmn.yt^m^^ system 102 which the scattered light is 

^l02t^^(DiB^-d>hmfd.^& separated and received of said wavelength 

^|^LfcBffM<^ji^iC^5>^tt component, and is converted into signal, 

tt}'t*-5*^:{v:J:o-C7'7XV4i^ plasma float foreign-material measuring device 

L<lit^(D^i§l,C}I^ML.tc^^^ 103 which separates from what depends on 

^"t'^I^®ft^^7°7XV(cJ;S plasma and detects two or more signals which 

ii(D-A^h^MLX^liii-6':fyX show foreign material which floated to inside of 

■^'^^M^^si'MmWilOSiz^iO plasma, or its vicinity by extracting said desired 

I^^Bm-^T^^Ls M^it^SLjf frequency component which carried out 

-^^3^l^-t"'5^<tfc:J;oTMiS^ intensity modulation from the signal, eliminates 

t^i^^^-'-i$MLtcMS^^$j-Wli' background noise and foreign material which 

generated * floated is measured to processing 
chamber interior by emphasizing 
foreign-material scattering signal. 
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[mnm(Dum] [claims] 

[If^Jll] [CLAIM 1] 

MS^F^id^yXV^Ig^^^i^^ In manufacturing method of semiconductor 

i^y7X-x'(cJ:oT^^f^StI{- which processing chamber interior is made to 

MLX^MLX^^i^^M^-t^ generate plasma, processes to semiconductor 

^?Sf$(DMit;fy^£^;l^5^/^T. substrate by this plasma, and manufactures 

WiM(Dil^^^^L, B^^(Dj§ii^ semiconductor, irradiation optical system which 

^^VikS.^MLtz\f--M.^mti irradiates to said processing chamber interior 

^m^P^izmM-r^mM^^^ beam which has desired wavelength and 

$MMMyt^'^'<:MM^titc\:f carried out intensity modulation on desired 

^i^(viJ:oTBijfB^a^rt:^i^?:) frequency, scattered-light detection optical 

tt?)tiSMSL3t^tu tBiS:Si^5> system which scattered light obtained from said 

'C5>ilLTS3tLTiI^{c^^ processing chamber interior is separated and 

i'^Wcil^^m^^^t.^MWc received of said wavelength component by 

^yt^m^^^^^h'^^hti^it beam irradiated by this irradiation optical 

^^^hmmtsi^^m\^timM(D system, and is converted into signal, 
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IQERWE 

foreign-material signal extraction means to 
separate from what depends on said plasma, 
and to detect signal which shows foreign 
material which floated in plasma (or that vicinity) 
by extracting said desired frequency component 
which carried out intensity modulation from 
signal acquired from this scattered-light 
detection optical system, noise-rejection means 
to remove noise component from signal which 
shows foreign material which it detects from this 
foreign-material signal extraction means, and 
which floated, foreign material which floated in ' 
plasma generated in said processing chamber 
interior using plasma float foreign-material 
measuring device equipped with these (or the 
vicinity) is measured. 

Manufacturing method of semiconductor 
characterized by the above-mentioned. 



>0s 



[CLAIM 2] 

In manufacturing method of semiconductor 
which processing chamber interior is made to 
generate plasma, processes to semiconductor 
substrate by this plasma, and manufactures 
semiconductor, irradiation optical system which 
irradiates to said processing chamber interior 
two or more beams which have mutually 
different wavelength and carried out intensity 
modulation on desired frequency, 
scattered-light detection optical system which 
scattered light obtained from said processing 
chamber interior is separated and received of 
said mutually different wavelength component 
by two or more beams irradiated by this 
irradiation optical system, and is converted into 
two or more signals, foreign-material signal 



9/30/2003 



6/92 



(C) DERWENT 



JP11-330053-A 



HTM 



m^^tltcm^(D]:f-MCXr>X 

^^mBmm(D^^f^'j^X^Mi 

i^X^^LXiB^{Z.mmir^m 



extraction means to separate from what 
depends on said plasma, and to detect two or 
more signals which show foreign material which 
floated in plasma (or that vicinity) by extracting 
said desired frequency component which 
carried out intensity modulation from two or 
more signals acquired from this scattered-light 
detection optical system, foreign material which 
floated in plasma generated in said processing 
chamber interior using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity) is measured. 
Manufacturing method of semiconductor 
characterized by the above-mentioned. 

[CLAIM 3] 

In manufacturing method of semiconductor 
which processing chamber interior is made to 
generate plasma, processes to semiconductor 
substrate by this plasma, and manufactures 
semiconductor, irradiation optical system which 
irradiates to said processing chamber interior 
two or more beams which carried out intensity 
modulation on frequency which has desired 
wavelength and is mutually different, 
scattered-light detection optical system which 
scattered light obtained from said processing 
chamber interior is separated and received of 
said desired wavelength component by two or 
more beams irradiated by this irradiation optical 
system, and is converted into signal, 
foreign-material signal extraction means to 
separate from what depends two or more 
signals which show foreign material which 
floated in plasma (or that vicinity) by extracting 
said mutually different frequency component 
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t^i^x.tcyyx-r'SMM^fim which carried out Intensity modulation from 
iSM^fflV^Ttiifa^S^rtlv:^ signal acquired from this scattered-light 
^Lfc7°7XVcf ^L<(i-?:CDi£ detection optical system on said plasma, and to 
(§{>i#jSL/c^ti^st«iJ-r-5^<!: detect, foreign material which floated in plasma 
^WWi.ti~^^^^i^(DM^^1^^^. generated in said processing chamber interior 

using plasma float foreign-material measuring 
device equipped with these (or the vicinity) is 
measured. 

Manufacturing method of semiconductor 
characterized by the above-mentioned. 



If 2 ^ ;^c: ( i 3 IE ic © 7° 7 XV 
7 X V (7) |g ^ ii ^ ^ jy j; 0 ^ (D 



If * TI 2 ^ ( i 3 IB ft (73 7° 7 X V 



[CLAIM 4] 

Frequency in irradiation optical system of 
plasma float foreign-material measuring device 
of Claim 2 or 3 which carries out intensity 
modulation differs from excitation frequency of 
said plasma and its integral multiple, or 
luminescence frequency of said plasma and its 
integral multiple. 

Manufacturing method of semiconductor 
characterized by the above-mentioned. 

[CLAIM 5] 

In plasma float foreign-material measuring 
device of Claim 2 or 3, it had noise-rejection 
means to remove noise component from two or 
more signals which show foreign material which 
It detects from foreign-material signal extraction 
means, and which floated. 
Manufacturing method of semiconductor 
characterized by the above-mentioned. 



IW^^iel [CLAIM 6] 

^S^I^tC7°7XVSr|§^$-lJ:, A plasma-processing method, in which in the 

!^7°9X-ric:J:oT|fe^Sx^^#j plasma-processing method which processing 

l-^fLX^ai-sy^XV^a;^ chamber interior is made to generate plasma 
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and is processed to processed object by this 
plasma, irradiation optical system which 
irradiates to said processing chamber interior 
beam which has desired wavelength and 
carried out intensity modulation on desired 
frequency, scattered-light detection optical 
system which scattered light obtained from said 
processing chamber interior is separated and 
received of said desired wavelength component 
by beam irradiated by this irradiation optical 
system, and is converted into signal, 
foreign-material signal extraction means to 
separate from what depends on said plasma, 
and to detect signal which shows foreign 
material which floated in plasma (or that vicinity) 
by extracting said desired frequency component 
which carried out intensity modulation from 
signal acquired from this scattered-light 
detection optical system, noise component 
elimination means to remove noise component 
from signal which shows foreign material which 
it detected with this foreign-material signal 
extraction means, foreign material which floated 
in plasma generated in said processing 
chamber interior using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity) is measured. 

[CLAIM 7] 

A plasma-processing method, in which in the 
plasma-processing method which processing 
chamber interior is made to generate plasma 
and is processed to processed object by this 
plasma, irradiation optical system which 
irradiates to said processing chamber interior 
two or more beams which have mutually 
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different wavelength and carried out intensity 
modulation on desired frequency, 
scattered-light detection optical system which 
scattered light obtained from said processing 
chamber interior is separated and received of 
said mutually different wavelength component 
by two or more beams irradiated by this 
irradiation optical system, and is converted into 
two or more signals, foreign-material signal 
extraction means to separate from what 
depends on said plasma, and to detect signal 
which shows foreign material which floated in 
plasma (or that vicinity) by extracting said 
desired frequency component which carried out 
intensity modulation from two or more signals 
acquired from this scattered-light detection 
optical system, foreign material which floated in 
plasma generated in said processing chamber 
interior using plasma float foreign-material 
measuring device equipped with these (or the 
vicinity) is measured. 



[If*il8] 

M^mxw^m\.tzm.^(D}f 



[CLAIM 8] 

A plasma-processing method, in which in the 
plasma-processing method which processing 
chamber interior is made to generate plasma 
and is processed to processed object by this 
plasma, irradiation optical system which 
irradiates to said processing chamber interior 
two or more beams which carried out intensity 
modulation on frequency which has desired 
wavelength and is mutually different, 
scattered-light detection optical system which 
scattered light obtained from said processing 
chamber Interior is separated and received of 
said desired wavelength component by two or 
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tii^^^t^h%hti^is^7!)^hm more beams irradiated by tills irradiation optical 
ui^S.^MLtcS.\f^li:i^fj:^M system, and is converted into signal, 
^#:^5>^tttl4t''5::^:{cJ;o-c foreign-material signal extraction means to 
y"y:^'^'^^L<lt^<Di5:i§KW- separate from what depends on said plasma, 
MLtcM^^TT^-t^WDiB^^ and to detect two or more signals which show 
mti:fyy<'rl,cX^-i,CD-^^h^M foreign material which floated in plasma (or that 
bTl^ttl"f 6M4^ft^tt[]/±J¥^ vicinity) by extracting said mutually different 
t^MK.tc:fyX-?^'M:^^$^M frequency component which earned out 
S^^fflV''THuE^a^rt{c^ intensity modulation from signal acquired from 
4Lfc^7XV4'^t<(i^(Dj£ this scattered-light detection optical system, 
Bi^^m.tzM^^i^m'r^Zt foreign material which floated in plasma 
^W'i^tir^-fyX-^^MIj^ii. generated in said processing chamber interior 

using plasma float foreign-material measuring 
device equipped with these (or the vicinity) is 
measured. 

[It*^9l [CLAIM 9] 

ItJj^^T^yhfiSfaicCoy^X-v' A plasma-processing method, in which 
'^Mmm%\m^U(Dm^%'^^ frequency in irradiation optical system of 
{e:io(t5^S^li-f5ji^#: plasma float foreign-material measuring device 

HiIfB7°7XV(Di(i^Jljgfi: of Claim 7 or 8 which carries out intensity ' 
43j;0^^<7)M^f^*fc(lHutS7° modulation differs from excitation frequency of 
y^-^<Dm%m^'^^X.V^^(D said plasma and its integral multiple, or 
^^\^t^fi^:Lt^Wl^tirh luminescence frequeiicy of said plasma and its 
7 7XVMa;^&o integral multiple. 

Ilt^J<^10l [CLAIM 10] 

fS*^7^7t(a8teic<D7°7XV A plasma-processing method, in which in 

#^M^^fi-^||J^g^c:*5^^T. ^ plasma float foreign-material measuring device 

M^^\^^m^h^\!i\^fi^ of Claim 7 or 8, it had noise-rejection means to 

WM\^fz^^^7f^'^-!^^(D\t^ remove noise component from two or more 

:^^^y'l'X'^:9'^l^±'t"'5y-1'X signals which show foreign material which it 

^^'&^^^^X.t.:LbkW'^tir detects from foreign-material signal extraction 

means, and which floated. 

[If^Jllll [CLAIM 11] 
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In plasma-processing apparatus which 
processing chamber interior is made to 
generate plasma and is processed to processed 
object by this plasma, irradiation optical system 
which irradiates to said processing chamber 
interior beam which has desired wavelength 
and carried out intensity modulation on desired 
frequency, scattered-light detection optical 
system which scattered light obtained from said 
processing chamber interior is separated and 
received of said desired wavelength component 
by beam irradiated by this irradiation optical 
system, and is converted into signal, 
foreign-material signal extraction means to 
separate from what depends on said plasma, 
and to detect signal which shows foreign 
material which floated in plasma (or that vicinity) 
by extracting said desired frequency component 
which carried out intensity modulation from 
signal acquired from this scattered-light 
detection optical system, noise-rejection means 
to remove noise component from signal which 
shows foreign material which it detected with 
this foreign-material signal extraction means, 
and which floated, plasma float foreign-material 
measuring device equipped with these was 
provided. 

Plasma-processing apparatus characterized by 
the above-mentioned. 



[tt«12] [CLAIM 12] 

^m^\^icyyX^^m±^^. Processing chamber interior is made to 

f^7yXVicJ;o'CM^a^^i^ generate plasma. 

(^>^tT^a't*57'7XVi^aS In plasma-processing apparatus processed to 

gicfci/^T, processed object by this plasma, irradiation 

Sl^(::M^c^'5^fi:^^L, 0fM(7) optical system which irradiates to said 
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processing chamber interior two or more beams 
which have mutually different wavelength and 
carried out intensity modulation on desired 
frequency, scattered-light detection optical 
system which scattered light obtained from said 
processing chamber interior is separated and 
received of said mutually different wavelength 
component by two or more beams irradiated by 
this irradiation optical system, and is converted 
into two or more signals, foreign-material signal 
extraction means to separate from what 
depends on said plasma, and to detect two or 
more signals which show foreign material which 
floated in plasma (or that vicinity) by extracting 
said desired frequency component which 
carried out intensity modulation from two or 
more signals acquired from this scattered-light 
detection optical system, plasma float 
foreign-material measuring device equipped 
with these was provided. 
Plasma-processing apparatus characterized by 
the above-mentioned. 



[fi^jsi3] 



[CLAIM 13] 

Processing chamber interior is made to 
generate plasma. 

In plasma-processing apparatus processed to 
processed object by this plasma, irradiation 
optical system which irradiates to said 
processing chamber interior two or more beams 
which carried out intensity modulation on 
frequency which has desired wavelength and is 
mutually different, scattered-light detection 
optical system which scattered light obtained 
from said processing chamber interior is 
separated and received of said desired 
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is-^li^i^l^'t^nkiLyt^lii^^ wavelength component by two or more beams 

irradiated by this irradiation optical system, and 
l^ft5[^L7lf;^ti}3fe^^^5^t.^f t)tL is converted into signal, foreign-material signal 
5'fS-^;0^?)tffte3^S^lf UfcS extraction means to separate from what 
^^i^l^t^^M^Wci^'^^^Wi't depends on said plasma, and to detect two or 
•5sl<t(«iJ;oTy7XVtl3^L<H more signals which show foreign material which 
^(Di5:Wl(Cii$-MLtc^^i:fjkir floated in plasma (or that vicinity) by extracting 
Sl:cDjf ^^Hfftfi7°7XV(^J;5 said mutually different frequency component 
iiO^^h^ML-X^tH't^^^in which carried out intensity modulation from 
•^ttttl^^<!r?rii;ifc7°yXV?^ signal acquired from this scattered-light 
M^^nm^m^m-^tc^t^^ detection optical system 
@i:-t"57°7XV^ag^„ Plasma float foreign-material measuring device 

equipped with these was provided. 

Plasma-processing apparatus characterized by 

the above-mentioned. 



[|**JI14] [CLAIM 14] 

St5ft^l2Sfc:fil3$;fc(^14^ It has scanning means to make irradiation 

MtSb'—i^ optical system of Claim 12 or 13 or 14 scan 

^W.^MMM^±^M^^-^^ processed object top for said beam. 

^2¥^©^#i"'5C:i:^#i5[i-t- Plasma-processing apparatus characterized by 

^■^yX-^^mmWo the above-mentioned. 



[Ii*^15] (CLAIM 15] 

ft 5it:Sl2^;Acfil3S7t{414|B Scattered-light detection optical system of 

ffJie Claim 12 or 13 or 14 was comprised so that 

^3S^i^;i5^b#P)tL5^::^t5[a backscattering light obtained from said 

T^^STfei"-?) J:5 \^M'p!i\-^tc:Lt^ processing chamber interior might be received. 

#^t1"'57'7XV^a|^g<, Plasma-processing apparatus characterized by 

the above-mentioned. 

[CLAIM 16] 

ft *Jll2Sfcfil3Sfc(±l4lB Scattered-light detection optical system of 
ML(D^n.%^\^%^mt. mU Claim 12 or 13 or 14 was comprised so that 
^Mit^^XM^^M®%\f' different polarized component from polarization 
^J>'tW^^U%f^^yi^'^%'f^ beam irradiated by said irradiation optical 
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±9 i^Ml^l'tc:z.ti:!WMt'f-^y system might be received. 
y^-^^M^W-o Plasma-processing apparatus ctiaracterized by 

the above-mentioned. 

im^miT] [CLAIM 17] 

IS^^ia^^^cfi 14Ett(Dfi|H- in irradiation optical system of Claim 13 or 14, 

^^Mi^iol^'X ^ W.^<D\f'~J>, optical axis of two or more beams consists of 

(D^m^. &^Ltc^^mx^m parallel axes which approached. 

^'i'^^t^WWti'^'yy^'-^ Plasma-processing apparatus characterized by 

^M^So the above-mentioned. 

[ff*5ll8] [CLAIM 18] 

W*JSl3^fc{t 14fB«(0BS,#t In irradiation optical system of Claim 13 or 14, it 
7t;^^iC;Joi/^T, IS^cot"— A is the same and optical axis of two or more 

W^fi^, m—xms^-t^^t^ beams is comprised. 

WMt't^z/y^'-^^M^Mo Plasma-processing apparatus characterized by 

the above-mentioned. 

[mmmmtmrn] [detailed description of the 

INVENTION] 



[0001] 



[0001] 



So 



[TECHNICAL FIELD of the Invention] 

This invention relates to manufacturing method 
of semiconductor which earned out spot 
measurement also of the submicron foreign 
material which floated in plasma processing 
room during processing, without being 
influenced of disturbances, such as plasma 
luminescence, and aimed at yield improvement 
of processed objects, such as semiconductor 
substrate, the plasma-processing method, and 
Its apparatus. 
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[0002] [0002] 
[^^(D^m] [PRIOR ART] 

:7°7XVMa^F^}Ci'?jlL/cM As a prior art which carries out monitor of the 
^^'^^■'^•t^^^^mtX.X foreign material which floated in plasma 
fi. #PiBg57-118630-^<2^^ processing room, there are 
(tt^JttKffl). #^¥3-25355 Unexamined-Japanese-Patent No. 57-118630 
^<kn {^%mi^2) , 5p3 - (prior art 1 ), Unexamined-Japanese-Patent No. 
147317^^$R(|^*J^tf3),# 3-25355 (prior art 2), 

P?a¥6-82358-^<2^^g(^¥5l5S Unexamined-Japanese-Patent No. 3-147317 
4) , mfM ¥6-1 24902^<25f (prior art 3), Unexamined-Japanese-Patent No. 
%{^it^^Wi^)i)^h^o 6-82358 (prior art 4), and 

Unexamined-Japanese-Patent No. 6-124902 

(prior art 5). 



10003] [0003] 

±tatt^^S#Tl(c:{i, gj^^^ral Means to irradiate to reaction space parallel 

(cjat-t-SS a^3fe7feco^'^i5'h/w light which has spectrum of self-luminescence 

<t^?'£o/t;^^:J'/i^^Wt"S¥^f light in reaction space, and different spectrum in 

%^lXJt^'^f^\^W'Mir^^^t. the above-mentioned prior art 1, vapor 

MfB¥tf ?fetOB§|^^^ftT|iitB deposition apparatus possessing means to 
SJ^^^FH^^c:4o^^^:|g^-f detect scattered light from fine particles 

^;^^bcDt5:gL3l£^i^t±i-f§¥© generated in said reaction space in response to 

^^#Lfc^^gg;iS^^tL-r said parallel irradiation of light is known. 

V ■'So ±.WM.^^Ws2\z.\'X^ Moreover, in the above-mentioned prior art 2, in 

¥#{$^©fflSI5^®}Cf\t'^L small-particle measuring device which 

tz.W>.MML^RXIWM^tMimML measures small particle adhering to base-plate 

1F^^ i^^if Tfet'^iSMSL^ffiV'" surface for semiconductor devices, and small 

xm'^-t^WmW=f-M'^^W\^ particle which floated using scattering by laser 

*3V^T. ^^;45|rI— "C'^aScDji: beam, laser-beam phase-modulation section 

tSM^^fc-SBf ^(^Jl^iScC^m which generates two laser beams modulated on 

r 

$ti7t2:^(DU— if^^^^^it fixed frequency with mutual phase difference 
^^—^MtL^^^MUt. ±fB2 with the same wavelength, optical system made 
'^<DU-'^%^}:^t^(D'm'^M'^ to cross in space containing small particle which 
X'h^WM^^^^t^^fH tcjo is the above-mentioned measuring object about 
V^T^H^^S^fe'^^cb. ±tB2 said 2 laser beam, optical-detection section 
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:^cou—^^(D6C^^tifc^Mi$. which light scattered by small particle which is 

1(^i6\/^XB\'^M^^'h^WiMML measuring object in region to which said 2 laser 

^-^::J:^9t^:SL$i±-/c7t^§3l£b^ beam crossed is received, and is converted into 

MM.iS^{^^^'i'i>%^tii^\^ electrical signal, signal-processing section from 

t.::(DW^iiyti^X^m^iV-^(D which it is that phase-modulation signal and 

4^T±tei/— if^fitl^i^^'C frequency in the above-mentioned laser-beam 

<7){4t@^f§{I-^tli^^^^fWI— phase-modulation section are the same, or 

^tcit2inX\ :^^-o±mit^S^m double in electrical signal by this scattered light, 

it^t(DiiL^U^:A^^^^f^^{z.~-'^ and phase difference with the above-mentioned 

Tfc5ft-^^5>?r]fe«9tti1~ft^ phase-modulation signal takes out fixed signal 

^M^t^mx.fcW^^l^'m'^ component in time, small-particle measuring 



^7t. _htB!^5feS#T3(vi{j:, nt— Moreover, technique which measures 

^^l^hyt^M^^MLXRats^^ contamination in the above-mentioned reactor 

P^VWcmr^^^i(Dmxm± is described by by this analyzing the 

^'^^:^y^yy'^t. iifSSi^^^rt above-mentioned scattered light including step 

Tt5:SL1~63fe^^ttit*6;^r->;/:/ which generates light which carries out 

^ti{:iX^AiBW^iiyt^ scanning irradiation of the coherent light, and 

M^ir^Ztic^^ ±.tiRft^^f^ are scattered on the above-mentioned prior art 

(D^'^^^M'^'t^&Wf^A^^BM^ 3 within reaction container on that spot, and 

tLTV^So itc, ±M^lj^^RWi4 step which detects light scattered within the 

lUts l^^if )t^^^ife't*5i^^1f^ above-mentioned reactor. 

^^kt^ ^^m^ti^-^^^^iL^i:^ Moreover, laser means to generate laser beam 

if>^yXV^a:y— yKOS^S^ to the above-mentioned prior art 4, scanner 

rt^7)^^J^§ri:fei/— if^-e^S means to scan region in reaction chamber of 

^^^^^i^^l^t^ ±fBM^F^ plasma-processing tool containing particles 

(7)^^{c:J:oTt5:SLtfci^— if 5t which it should detect by the above-mentioned 

(D]^^f':tit^-^^f&ir^]fT^^* laser beam, video * camera means to generate 

:ti/y^^t, ±tet:^ x:^{t-^<7) video signal of laser beam scattered by particles 

-Y;^--i/^^^!fSL^;^f in the above-mentioned region, means to 

^^i^'S^^^^tUH^ii^ffitfe^tb process and display image of the 

TV^6o ^/t, ±t2|^5feSl^f5{c above-mentioned video signal, particle detector 

fi, y'yX^fiiim^f^coyyxW which has these is described. 

^iT^U^^^Mi'^:^ ?^y^&M Moreover, in the above-mentioned prior art 5, 




device equipped with these is known. 



[0004] 



[0004] 
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camera apparatus which observes plasma 
generation region in plasma processing room, 
data-processing section which processes image 
acquired by this camera apparatus, and 
acquires target information, control section 
which controls at least 1 among exhausting 
means, process gas introduction means, 
high-frequency-voltage application means, and 
purge-gas introduction means to decrease 
particle based on information obtained by this 
data-processing section 

Plasma-processing apparatus equipped with 
these is described. 



[0005] 



[0005] 

Moreover, as a prior art about fine-particle 
measuring device used for high washing 
process control, such as semiconductor and 
chemical manufacture process, there is 
Unexamined- Japanese-Patent No. 63-7 1 633 
(prior art 6). 

In particle detector which irradiates laser beam 
to micro region of container which passes 
sample test substance, and detects scattered 
light from particles in sample in this prior art 6, 
the number apparatus of fine_particle_gauges 
which is made of phase detector for measuring 
signal from means for carrying out intensity 
modulation of the laser beam by constant 
frequency and detector of the same frequency 
as intensity modulating frequency of laser beam 
is described. 



[0006] 



[0006] 



lmmimi^\^^^t^?)Wkm] [problem to be solved by the Invention] 
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yyX-^mm'^Wi'Ci-i., 7"7XV With plasma-processing apparatus, reaction 
MatciioT^t^^tifcSfc;;^^ product generated by plasma processing 
l^^:i)'^^y^'^mm^(Dm^h deposits to wall surface or electrode of plasma 
5VMSfl;itl{vi±i^L. rtL;i5B#PHl processing room, this accompanies and 

mmi^xmT&M<^t exfoliates in time passage and constitutes float 
/^5o ::c7)#jl^i^(i:7 foreign material. 

M^\z.^^mM^^±\^HML During plasma processing, this float foreign 
X^^=k^\^M:LLtc^,h^\/^t material attaches on processed object, and 

■:/yX-r<D/</i-^ ■ x|?.®-ei- causes defect. 

7s/y$ti> ^7XVMa;4S^T Or it traps by bulk * sheath interface of plasma, 
^'^y^'^McM'^^i^^tLtc^f^liZ. the moment plasma processing was completed 
^^mn^!^±l^MTL. and plasma discharge stopped, it falls on 
M^tLXW\±^^-^^M^!^ processed object, and poor characteristics and 
^^ItM^'to ^^^^liCii-i^^M-i^ poor appearance are caused as an adhesion 
^^^<D^^mM'^<^(D^^t foreign material. 

'Oi&y^^\^^:LLX\/^tc„ — ;^r. Eventually, yield decline of processed objects, 
¥^flsSt5^CD|^^a>ct^#3 such as semiconductor substrate, was caused. 
M^-t^^^^'^^—>'(DWiMm On the other hand, high integration (for 
^mi^<Di^m^ciS\^^ example, in field of semiconductor, high 
Xlt, 256MbitDRAM, ^Pjic integration progresses to IGbitDRAM from 
filGbitDRAM-^ctiii^^'fb^s 256MbitDRAM, and 0.25 to 0.18 micrometer 
M^M^y<^—y(DM:^i^^mit and miniaturization of minimum line width of 
0. 25~0. 18 p.mtWMit<D— circuit pattern are enhanced) of circuit pattern 
^^tct^^X\/^^^)i)^M^s':^y formed in processed objects, such as 
XV^^a-fSl^.^yXVcfj^L semiconductor substrate, progresses, when 
<{i^(^jfi{f (cif ^i-6f-/$i^ carrying out plasma processing, micro foreign 
D>'CO:t— ycD^/jN^!^^tf|-Sij material of submicron order which floats in 
i'-SiC^^^^^^DTtTV^So plasma (or the vicinity) also needs to be 

measured. 

[0007] [0007] 

^^X\ 7°7XV^a^g{::jai/N Then, in plasma-processing apparatus, it is 

T, y7XV^acj3ic:7°yXVt|i required that micro foreign material of 

^L<ti^(DT5:Bli^W^'Mir6'^y' submicron order which floats in plasma (or the 

^^ny(D:t~i$^'(DU^hM'^^h. vicinity) during plasma processing should also 

7'7XV^3t^O^SLC»^#^ be measured without- being influenced of 



ft 
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^ii6^t^j:<. niM't^^t:^)^^^ disturbances, such as plasma luminescence. 

^^ti^o b;6^LJ^C;6^^), y^XV However, plasma luminescence is relationship 

l§^tt^^J^;5^^iS^^igc{vi^p which has continuous wavelength spectrum 

fzoXM^^&^^<^^^^M^^^hyi^^ ranging from ultraviolet region to near-infrared 

WLTV _htBt^ *S#f region, and it is difficult to separate with plasma 

ltc|Bft$ti'7t;^^:i^h>'^tviJ;<9. luminescence and to detect submicron micro 

yyXVq3^L.<{j;^(7)jgf^{-^^ foreign material which floats in plasma (or the 

^i"'5f~:/5^n:/cr)$^/jN^f^^ vicinity) according to spectrum described by the 

y°^XV|g)ti^liLTti^tti-r5 above-mentioned prior art 1. 

ri:(ifflli'C$)5o ^tc, I/— if BS Moreover, in micro foreign-material detection by 

P>^'S^(^L^^^a}^c:J:>5^/J^M^^^ laser illumination * scattered-light detection, 

|±i(CfcV^T(l. :7yXV|g^c7){ttl loud background noises other than plasma 

f^M^\^M'<:<DW^iiyt^£if luminescence, such as scattered light in 

(O±^fj:''^^^^t>^^f6o - processing-chamber-interior wall, exist. 

e'fi. ^iJ^ff. Ittti^ Since output of detector was saturated by 

l^&(D\^±Xiit, i^—ftat}^ background noise when it is going to enlarge 

±S/!]P^it6^ic:J:i9x M^if foreign-material signal by improvement of for 

i^^<LXotLtcM^, example, detector sensitivity, or etc. to which 

\M^th^(DtH^:im^uir^tc laser output is made to increase, this 

ii>^ 1^ttlPS#^:^^4>'5M^i:t>^c^ background noise had also become component 

oTV ^tCo which determines detection limit. 

[0008] [0008] 

&s±M^MLtcX.of(^. t^^tiltl It did not consider about point that it is going to 

'-'5(Z)fpItL(c:t). y5XVtl=i^b< separate with plasma luminescence and is, as 

{C^?iS-^5f-:/^:i7n explained above, going to detect very feeble 

scattered light obtained from submicron micro 

UW£Wcil^^, ^yX-^^%t foreign material of prior art 1-5 which floats in 

5>ilbTltttlLj:9i:1"S.'^Jco plasma (or the vicinity) either. 

^^X^M.^fiX\^^f£t^<:>tCo S Moreover, it did not consider about point that it 

/t. ^^WU.%t^<W\^^^^ is going to detect feeble scattered light from 

^^hP^^WU.%^l}i(Oi^tfi: loud background noises, such as inner-wall 

n^^'^t^^s UM^iWiU^it^ scattered light which has the completely same 

1^ttlLJ:5i:i'5.^JCoV^T#iS wavelength as foreign-material scattered light. 

^tiTV^/^;5^ofco ^Tt. tJ^jfei^ Moreover, prior art 6 measures particles in 

tfen, ^^\c'^fi^W^A'\'(D%iL sample which flows into container. 
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^^iJ^-r6t)(^l:-fof9. ^^7" It does not consider about point that it is going 

7XVct3^L<fi^cDS^{^#i^ to separate with plasma luminescence and is 

5f-7'^^'D>^co^/J^M^;i^£> going to detect very feeble scattered light 

#ti^-5^^^;::^||/^t^:SL3fc^^ obtained from submicron micro foreign material 

>^7X-v^^^:9-||LT^^ai LJ: which naturally floats in plasma (or the vicinity). 

[0009] [0009] 

g _h|EP®^^ There Is objective of the invention in providing 
^-^^<. ^'yXV^a^rticjo the plasma-processing method which improved 
tt5y7XVc|3^t<(l-?:(7)iaff significantly detection sensitivity which 
(D'^y^^oy^X-a^mmLtcWi separates with plasma luminescence during 
/J^M^t'ioi/^-Cy-yX-Y'^affi plasma processing, and detects about micro 
K-^yy^-^mytt^^mLX^m-r foreign material floated to submicron in plasma 
'5^tti^S^:^i|"ilC|R]±L"C:7°7 in plasma processing room (or the vicinity), 
X'7mm^iH(Dm^'^U(D])T enabled realjime monitoring of contamination 
/k^^i>.^n^yy:/^p]"|g(;iL'C situation in plasma processing room, and aimed 
^^4'9fBj±^(i;^^o/h7°7XV at yield improvement, and its apparatus that the 
^MJv^i:isXn^(D'^W:^^^ above-mentioned subject should be solved. . 
5^it«lfc5o itCs ^^^(DiliL Moreover, other objective of this invention is to 
g ^f±. yv^-^^MMP^lc provide the following manufacturing methods of 
*5{t57°7XVtf.^t<(i^coia semiconductor. : 

^(D-^y^^uy^Xomi&i.tc By separating with plasma luminescence about 
»/J^Mt)^-J;§t^c^L3t^-ol/^•c scattered light by micro foreign material floated 

to submicron in plasma in plasma processing 
#^^Wf:$l#^l^*LTjiiR^ room (or the vicinity), and removing loud 

\^^tiiir^:Lt^\ Ittbiiit^^ background noise, and detecting selectively, 
iUfciRliiLTyyXV^a^P^ detection sensitivity Is improved significantly, 
(Di^^'^U(DVTju^-(J>^'e^^]) realjime monitoring of contamination situation 
y^^^'^M^^LX^^^'^^'C, in plasma processing room is enabled, and it 
MffaM(D^^mi^^M^^X^^^^ enabled it to manufacture high quality 
t;iL^c¥^f*(D^it;^j£^^#fc semiconductor by high yield. 

[0010] [0010] 
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[MEANS to solve the Problem] 

In order to attain the above-mentioned 
objective, this invention irradiates two or more 
laser beams to processing chamber of 
semiconductor fabrication machines and 
equipment, scattered light by the same foreign 
material is detected two or more, processed 
substance is processed by searching for 
foreign-material signal by signal processing 
from multiple detecting signal, it being realjime 
and managing contamination situation of 
processing chamber. 

It is semiconductor manufacturing method 
characterized by the above-mentioned. 
Moreover, this invention makes processing 
chamber interior generate plasma. 
In manufacturing method of semiconductor 
which processes to semiconductor substrate by 
this plasma, and manufactures semiconductor, 
irradiation optical system which irradiates to 
said processing chamber interior beam which 
has desired wavelength and carried out 
intensity modulation on desired frequency, 
scattered-light detection optical system which 
scattered light obtained from said processing 
chamber interior is separated and received of 
said wavelength component by beam irradiated 
by this irradiation optical system, and is 
converted into signal, foreign-material signal 
extraction means to separate from what 
depends on said plasma, and to detect signal 
which shows foreign material which floated in 
plasma (or that vicinity) by extracting said 
desired frequency component which carried out 
intensity modulation from signal acquired from 
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^&S^F^t^l§^L/cyyXVc|=i this scattered-light detection optical system, 
^V<l'i^(D]S:{^\^WMLtc^^ noise-rejection means to remove noise 
^nYM't^'b^t^W^t^^o component from signal which shows foreign 

material which it detects from this 
foreign-material signal extraction means, and 
which floated, foreign material which floated in 
plasma generated in said processing chamber 
interior using plasma float foreign-material 
measuring device equipped with these (or the 
vicinity) is measured. 

It is characterized by the above-mentioned. 



[OOlll 

^X^y^'^^^L<\t^(DiB:m 

Lx^iii^^mmt^H]ii\ 



[0011] 

Moreover, this invention makes processing 
chamber interior generate plasma. 
In manufacturing method of semiconductor 
which processes to semiconductor substrate by 
this plasma, and manufactures semiconductor, 
irradiation optical system which irradiates to 
said processing chamber interior two or more 
beams which have mutually different 
wavelength and carried out intensity modulation 
on desired frequency, scattered-light detection 
optical system which scattered light obtained 
from said processing chamber interior is 
separated and received of said mutually 
different wavelength component by two or more 
beams irradiated by this irradiation optical 
system, and is converted into two or more 
signals, foreign-material signal extraction 
means to separate from what depends on said 
plasma, and to detect two or more signals which 
show foreign material which floated in plasma 
(or that vicinity) by extracting said desired 
frequency component which carried out 
intensity modulation from two or more signals 
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{i|§^Lfc^7XV4i^L<(i^ acquired from this scattered-liglit detection 
^m%\^nm\^tzm^tm'r optical system, foreign material which floated in 
^-t^mm-f^o plasma generated in said processing chamber 

^a^l^t^y^X-^^IS^t^ interior using plasma float foreign-material 
|^:/^X-^l^<toi:^2*ft:S measuring device equipped with these (or the 

vicinity) is measured. 
jg-|-;5ij^^{^(DM5t^?£t-*5V^ It is characterized by the above-mentioned. 
-C.B)TS'^iSft^^L..SV^^cM Moreover, this invention makes processing 

?6^'C'§tS'^llL'^-lSic chamber interior generate plasma. 
(Dt-i^^HufS^a^t^'-!^>*^ manufacturing method of semiconductor 
-r^mMit^^^t. f^MM^^ which processes to semiconductor substrate by 
%xm^^f\'fML(D\f-M^^ this plasma, and manufactures semiconductor, 
ot:MEMa^rt/5-b#bix-5fc irradiation optical system which in-adiates to 
SL)fe^ff)tB0T^(7)}^ft^5^-e^ said processing chamber interior two or more 
ilb-CS)tL-C^t^(-'^mi--2> beams which carried out intensity modulation 
mSL3t1ttl:J)t^l^i:>f^^SL)t on frequency which has desired wavelength 
^^%^m-hm^mm-h and is mutually different, scattered-light 
mU^&^m\^tz.-E\^'\^^^^'^ detection optical system which scattered light 
nn^'j^^^^'^^^^^^^'^ obtained from said processing chamber interior 
X^yX-7^^\.<\i^(0]5.m^ is separated and received of said desired 
#ffiUfcmti^^-riSi^<^^t^ wavelength component by two or more beams 
^mt^y'y^-^^^^^^^*^^'^ irradiated by this irradiation optical system, and 
ilUTi|^m-r-5^'^it^Watn^ is converted into signal, foreign-material signal 
^b^m^ft.-fy^^'^'&^^^^ extraction means to separate from what 
iSg^fflVN-CpilSMa^rtt- depends on said plasma, and to detect two or 
,.^Lfc^7X-x'q3^L<(±^c^ more signals which show foreign material which 
m^\mm\.tcmm^t\m-r^Z. floated m plasma (or that vicinity) by extracting 
t^mmt-f^o said mutually different frequency component 

which carried out intensity modulation from 
signal acquired from this scattered-light 
detection optical system, foreign material which 
floated in plasma generated in said processing 
chamber interior using plasma float 
foreign-material measuring device equipped 
with these (or the vicinity) is measured. 
It is characterized by the above-mentioned. 
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[0012] 

B# fel 6^ & ^ bfdt ^#6 



[0012] 

Moreover, this invention differs in frequency in 
irradiation optical system of said plasma float 
foreign-material measuring device which carries 
out intensity modulation from excitation 
frequency of said plasma and its integral 
multiple, or luminescence frequency of said 
plasma and its Integral multiple in 
manufacturing method of said semiconductor. 
It is characterized by the above-mentioned. 
Moreover, this invention is equipped with 
noise-rejection means to remove noise 
component from two or more signals which 
show foreign material which it detects from 
foreign-material signal extraction means, and 
which floated, in plasma float foreign-material 
measuring device in manufacturing method of 
said semiconductor. 

It is characterized by the above-mentioned. 
Moreover, this invention is equipped with 
signal-processing means to acquire signal 
which shows foreign material which performed 
and floated integral processing etc. and which 
was enlarged in time, in plasma float 
foreign-material measuring device in 
manufacturing method of said semiconductor 
based on two or more signals which show 
foreign material which it detects from 
foreign-material signal extraction means, and 
which floated. 

It is characterized by the above-mentioned. 



[0013] [0013] 

^fc-, ^^^Mit^ i^M^P^K:fy Moreover, this invention makes processing 
XV^Ig^^it^ l^yyXVtCct chamber interior generate plasma. 
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oT^MS^^#i{c:xtbTMSi In the plasma-processing method processed to 

-fST'yXVM^^&tcjQl/^T. processed object by this plasma, irradiation 

^M(Di^M^^L,d\M(Dm^ optical system which irradiates to said 

#:T^3i;^^I^L7tt:^^^A^tfjfB processing chamber interior beam which has 

^m^{H{cmMir^mM%^^ desired wavelength and carried out intensity 

t. tMrnM^^^.^MM^tifc}^^ modulation on desired frequency, 

— A(cJ:oXmjta:ftftS^F^;6^?) scattered-light detection optical system which 

%hti^Wciiyt^mUWi^<D^ scattered light obtained from said processing 

S^5>'e5^ilLTg7febTlt-^ chamber interior is separated and received of 

i^^^i-^Wcil^^tayt^Wi said desired wavelength component by beam 

n^^iiyt^ta^^^^^h'i^h irradiated by this irradiation optical system, and 

ti6iB^t^hmni^U&^Ml^tc is converted into signal, foreign-material signal 

effM(Dj^iS^^ij(;^^tttii1~Sr<h extraction means to separate from what 

{c:J:o'CyyXV4'^L<(i-?:(7) depends on said plasma, and to detect signal 

j&Blcii^MLtc^^^Tjki-in-^^ vvhich shows foreign material which floated in 

^MtB:7'yX-v'icj:5t>cO;6^t>^ plasma (or that vicinity) by extracting said 

RlbT^ttJ-f S^^jff-^tttii^ desired frequency component which carried out 

^t. i^M^jf^tttU^^Tl^ intensity modulation from signal acquired from 

ta^tifc^^^T^i^it^^^hy-i this scattered-light detection optical system, 

^f^'^^^^^'t^/^^^f^^f^^ noise component elimination means to remove 

^^i:^'(i;t/c::7°yXVv^jig^i|^ noise component from signal which shows 

9VMy^W^^\^^XmB^M^^ foreign material which it detected with this 

i^^^L^tcz^y^-^^^Lilt^ foreign-material signal extraction means 

(Di&i^ic'^^MLtc^S^^nVMi' Foreign material which floated in plasma 

^Zti:WMt^^o t.tc, ^^^M generated in said processing chamber interior 

{l^ MS^F^tciT'yXV^^^^ using plasma float foreign-material measuring 

it^ i^TT'^XVicJ^oTl^^a*)* device equipped with these (or the vicinity) is 

^m^MLX^mi-^zfyXW^ measured. 

m:)J&{^iS\/^X, it is characterized by the above-mentioned. 

^&-§:^^L^ Wr^(^M'&^X^1i Moreover, this invention makes processing 

^^M\^tcWiWc<D\f^J>.^mM chamber interior generate plasma. 

^M'^f^{cM^^^M^%^7^ In the plasma-processing method processed to 

iMMMyt^^XMM^titc^ processed object by this plasma, irradiation 

^^^t^^^^^i^ioTSiJlBMS^ optical system which irradiates to said 

F^;6^b^#bi^§i^:^L7t^t^JtBS processing chamber interior two or more beams 

VM^^/cC52Sfi^rSc53^"T?5>fiitT which have mutually different wavelength and 
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S5ifib-C^ii5:(Djt-^{>iig^-t" 5 carried out intensity nfiodulation on desired 

Wi.U.yt^tiiyt^^t. t^WaU.^ frequency, scattered-light detection optical 

^^l±S7l6^^/&=»b#f3:HSiSi^(7) system which scattered light obtained from said 

iM^^^hmU^k^^Ml-tc^M processing chamber interior is separated and 

coJi)SS/j5c5>^tttii1-5::i:(c:j: received of said mutually different wavelength 

oT'7°7XVct3^L<{i^<DjSf^ component by two or more beams irradiated by 

ilL;fc^fe^^t"{I^^t(f this irradiation optical system, and is converted 

W.':f'7y<'^{zX?>h(D^^h^Mi^ into two or more signals, foreign-material signal 

T^^aj-rSM^if-^tttti^S^r extraction means to separate from what 

^ijm^tc:f7X'^-SMM^$im depends on said plasma, and to detect signal 

SE^fflV'*THiif2^a^!^{C^ which shows foreign material which floated in 

^Ltz-:^y:<-7^^L<l,t^(DiS: plasma (or that vicinity) by extracting said 

t-^?^jSLfcMt)Srlt$iJ'f'5^<h desired frequency component which carried out 



'^tc.^mmiit.^M^(^K-:/'7 Moreover, this invention makes processing 

^■^^^^^•ti:, B^7°7><V{c:J: chamber interior generate plasma. 

-oX^mmMM'^i^MLX^m in the plasma-processing method processed to 

i~^'yv^^^mJjm{z.to\^^X. processed object by this plasma, irradiation 

BfrMcDjS;g;^WL, Sv^tc^/^S optical system which in-adlates to said 

^^^XM&MMLtc^^(Dii: processing chamber interior two or more beams 

— i^^tuE^!Q;S^rtfe:BS|t-f 5 which carried out intensity modulation on 

f^M^^T^t, %^lkx frequency which has desired wavelength and is 

Mlt^tLTtlfiiccot-i^fcioT mutually different, scattered-light detection 

mU^m^t^S^hnhfi^^n. optical system which scattered light obtained 

7l6^Bi(te0fM<D^;i:^^-e:5>fil from said processing chamber interior is 

^X'^itLXit^^^^^^^W. separated and received of said desired 

n.%^\^%^^t. wavelength component by two or more beams 



intensity modulation from two or more signals 
acquired from this scattered-light detection 
optical system, foreign material which floated in 
plasma generated in said processing chamber 
interior using plasma float foreign-material 
measuring device equipped with these (or the 
vicinity) is measured. 



It is characterized by the above-mentioned. 
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lii^^Mi^ib"Shti^^M-^-A''hm irradiated by this irradiation optical system, and 
ni^^^MLfcS.\/^{z.Mf^^M is converted into signal, foreign-material signal 
^^^5>SrttttSi'5^^^{e:j;oT extraction means to separate from what 
7°7X-v'cfi^L<{l^(7)jai^{C# depends on said plasma, and to detect two or 
M\^fz^^-^7T^-tW.^<D\t^-^ more signals which show foreign material which 
BUfBy7XV{cJ;5't><7);5=>b5>8l floated in plasma (or that vicinity) by extracting 
LTMUi-f SMtlit-^attl^^ said mutually different frequency component 
t^m^Jtz^^X^n'M^MiM which carried out intensity modulation from 
^^m.^m^^Xmm^m-^P^\z% signal acquired from this scattered-light 
^Lfc:7°yXV4i^L<(i^(Di£ detection optical system 
f^(-::i#^LfcMt»^ffS'J1-5r<t Foreign material which floated in plasma 
^W^tt^^ -ttcs ^^§f!{i, m generated in said processing chamber interior 
BB7"7XV^a;^-&^c^ol/^T. Bii using plasma float foreign-material measuring 
ffiyyXVj'f i^^ij^tfilij^gc^ device equipped with these (or the vicinity) is 
W'M^^^kz.^n^^&mm-t measured! 

ti)fe:7°^xVcoM)4B it is characterized by the above-mentioned. 
;i&^4b^ctt/^(DSicff*^c:« Moreover, this invention is set to said 
BijfS7°7XV(7)^3fej^jg^43j; plasma-processing method, frequency in 
x:f-^(r>^%,\^tWi.^:Lt-^W'^ irradiation optical system of said plasma float 
t'ti>„ Sfc, m^'fy foreign-material measuring device which carries 

XVM;il;fyj£{cioft57 7XVj'$ out intensity modulation differs from excitation 
jSM^^I^^H!li^g{^:^oV^T. frequency of said plasma and its integral 
fB^tttU^^;6^^^J±}^ixSj'$ multiple, or luminescence frequency of said. 
M\^ti^'^^^-tW.%i(D\t^-f)^ plasma and its integral multiple. 
?>y-rx^^^|^5fef-5y-r XB it is characterized by the above-mentioned. 
'^^^^^M-k.t:iZ.t^W^tir Moreover, this invention Is equipped with 

noise-rejection means to remove noise 
component from two or more signals which 
show foreign material which it detects from 
foreign-material signal extraction means, and 
which floated, In plasma float foreign-material 
measuring device in said plasma-processing 
method. 

it is characterized by the above-mentioned. 
[0015] [0015] 
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*^h'M^x^\i\^^^m\t^ 



Moreover, this invention is equipped with 
signal-processing means to acquire signal 
which shows foreign material which performed 
and floated integral processing etc. and which 
was enlarged in time, in plasma float 
foreign-material measuring device in said 
plasma-processing method based on two or 
more signals which show foreign material which 
it detects from foreign-material signal extraction 
means, and which floated. 
It is characterized by the above-mentioned. 
Moreover, this invention makes processing 
chamber interior generate plasma, 
in plasma-processing apparatus processed to 
processed object by this plasma, irradiation 
optical system which irradiates to said 
processing chamber interior beam which has 
desired wavelength and carried out intensity 
modulation on desired frequency, 
scattered-light detection optical system which 
scattered light obtained from said processing 
chamber interior is separated and received of 
said desired wavelength component by beam 
irradiated by this irradiation optical system, and 
is converted into signal, foreign-material signal 
extraction means to separate from what 
depends on said plasma, and to detect signal 
which shows foreign material which floated in 
plasma (or that vicinity) by extracting said 
desired frequency component which carried out 
intensity modulation from signal acquired from 
this scattered-light detection optical system, 
noise-rejection means to remove noise 
component from signal which shows foreign 
material which it detected with this 
foreign-material signal extraction means, and 
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which floated, plasma float foreign-material 
measuring device equipped with these was 
provided. 

It is characterized by the above-mentioned. 
10016] [0016] 

^tz.^mmit.^m^fNiLyy Moreover, this invention makes processing 
^ -^^^^t^-fr, l^7°7><V J; chamber interior generate plasma. 
oTMMa^^i^fc^LX^a In plasma-processing apparatus processed to 
•t^yyX-r^mmmici6\,^X. processed object by this plasma, irradiation 
S.\/^c^fj:^^^^^l,^f^^(7) optical system which irradiates to said 
Mi&Wi:X'^&^Ml'tc^^<D}f processing chamber interior two or more beams 
—-^^mB^m^f^l^m^-t^ which have mutually different wavelength and 
MMyt^^t.f^m^yt^^X- carried out intensity modulation on desired 
Mlt$tL7tiS#:©t'— istcioT frequency, scattered-light detection optical 
HutB^a^rt^^^ltfetLSt^gL system which scattered light obtained from said 
?if;^WfBSV''tcM'te5&:S^:9- processing chamber interior is separated and 
'V5^MLX^^LXW.Wc(0it^- received of said mutually different wavelength 
i^^^'t^^il^^ia,^^^ component by two or more beams irradiated by 
p^tfegL3t;MfcB7fe^^;6^t)#b this irradiation optical system, and is converted 
ti^^^(Dit^^>bmB^&^ into two or more signals, foreign-material signal 
MLtcWrM(DMll^^fj^^^i^tii extraction means to separate from what 
S:ii{::j;oTy7XVcfi^L< depends on said plasma, and to detect two or 
lit^(DiG:Biz.'^TMLtiM^^7^ more signals which show foreign material which 
1"^^c75jI-^^tfj|B7°7XV{>i floated in plasma (or that vicinity) by extracting 
i-^h(Dt^^,j^^l.X^liiir^^ said desired frequency component which 
^it^-^m^^t^^^tc-fyX carried out intensity modulation from two or 
■^'^j&MmrMy&m^mncZ more signals acquired from this scattered-light 
ttWmt-t^o^tc.^mmit. detection optical system, plasma float 
^mm\Hic-^v:<^^m^^^. foreign-material measuring device equipped 
|gy7XV{cJ:oT»a^^i^ with these was provided. 
(-^LTMS-rsyyXVjjtLag It is characterized by the above-mentioned. 
MtilioV'>T. dfMo^M^^L, Moreover, this invention makes processing 
^^^{^^^£^mmmx^&mm chamber interior generate plasma. 
Lfcii^Wt;"— A^ttilB^ilg In plasma-processing apparatus processed to 
ft^li^B^-t^mMyt^^t.sM. processed object by this plasma, irradiation 



9/30/2003 



30/92 



(C) DERWENT 



JP11-330053-A 



iii^|||^iiki 



mMyt^mvmM^titcm^<D optical system which irradiates to said 
^^—Mc^-DXmB^m^f^t^h processing chamber interior two or more beams 
'^^hti^Wc^l^^mBm^(Dm which carried out intensity modulation on 
S^jfe^-e^^SltX^TfeLTft^ frequency which has desired wavelength and is 
i^^miriymiyt^m^^T^. mutually different, scattered-light detection 
tMWi:iL^^lii^^^t^h^%tt> optical system which scattered light obtained 
ti^ia'^A^hmti^^&^MLtc from said processing chamber interior is 

separated and received of said desired 
wavelength component by two or more beams 
irradiated by this irradiation optical system, and 
is converted into signal, foreign-material signal 
extraction means to separate from what 
fg^littS^^i:^{ix.fc7°yX depends on said plasma, and to detect two or 

^-^^^(tTtr more signals which show foreign material which 



[0017] 



floated in plasma (or that vicinity) by extracting 
said mutually different frequency component 
which carried out intensity modulation from 
signal acquired from this scattered-light 
detection optical system, plasma float 
foreign-material measuring device equipped 
with these was provided. 
It is characterized by the above-mentioned. 

[0017] 

Moreover, this invention has scanning means to 
make irradiation optical system of said 
plasma-processing apparatus scan processed 
object top for said beam. 
It is characterized by the above-mentioned. 
Moreover, this invention comprised 
scattered-light detection optical system of said 
plasma-processing apparatus so that 
backscattering light obtained from said 
processing chamber interior might be received. 
It is characterized by the above-mentioned. 
Moreover, this invention comprised 
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scattered-light detection optical system of said 
plasma-processing apparatus so that different 
polarized component from polarization beam 
irradiated by said irradiation optical system 
might be received. 

It is characterized by the above-mentioned. 
Moreover, this invention is set to irradiation 
optical system of said plasma-processing 
apparatus, optical axis of two or more beams 
consists of parallel axes which approached. 
It is characterized by the above-mentioned. 
Moreover, this invention is set to irradiation 
optical system of said plasma-processing 
apparatus, it is the same and optical axis of two 
or more beams is comprised. 
It is characterized by the above-mentioned. 
In that which carries out wavelength * 
optical-frequency-domain separation, and, as 
explained above, detects micro foreign material 
which floats in plasma (or the vicinity) from 
plasma luminescence according to said 
composition, by acquiring two or more detecting 
signals which show micro foreign material, 
detection of micro foreign material of submicron 
order which removes loud background noises, 
such as inner-wall scattered light, can be made 
to be able to improve S/N selectively, and can 
observe only signal by foreign-material 
scattered light, as a result floats in plasma (or 
the vicinity) can be performed. 

[0018] 



[mm(Dmm<Dmm] [embodiment of the invention] 

^mm\m^Mm\H<Dfm'^ Semiconductor manufacturing method for 
UmT/U^^J^^^^^Vy:}^^^^ enabling realjime monitoring of contamination 
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situation of processing chamber interior based 
on this invention, reducing unsatisfactory 
processed substrate (processed object) by 
foreign-material adhesion, and manufacturing 
high quality semiconductor element etc. and 
Embodiment of the apparatus are demonstrated 
using drawing. 

As a processing apparatus for manufacturing 
semiconductor element etc., there are plasma 
etching system, plasma film-forming apparatus, 
etc. 

These processing apparatuses make 
processing chamber interior generate plasma. 
Etching is performed to processed substrate, 
film-forming is given by CVD or sputtering. 



[0019] 

i-mi3^m\^^xmmT?>o * 

|g4L/cyyXV208tCj:oT|^ 
^mmR4{CMLXfK]^m^^^h 

20l^c^ol^T. m^mmR4izM 

LT:7^y XV LT 1/ ^ S B# Pb^ 

mi^mm\^x\^^<zticfj:^. 



[0019] 

Hereafter, Embodiment which carries out 
realjime monitoring of the contamination 
situation (occurrence of foreign material etc.) of 
processing chamber interior in these processing 
apparatuses is demonstrated using FIGS. 1-13. 
First, plasma-processing apparatus based on 
this invention is demonstrated using FIG. 1. 
As shown in FIG. 1, plasma-processing 
apparatus 201 generates plasma 208 on 
electrode 203 which positioned processed 
substrate (processed object) 4. 
It processes to processed substrate 4 by this 
generated plasma 208. 

In this plasma-processing apparatus 201, one 
part deposits to wall surface and electrode in 
processing chamber 1, without exhausting 
reaction product with time which carries out 
plasma processing to processed substrate 4. 
Furthermore, about multiple sheets, it 
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{^:^^^MaSite4^#i:#:{^o^^ accompanies to carry out plasma processing, 
T:7'7XVMaLTV^<^^fiii^^, and much reaction products whicli depositted 
Jt^L7tSfS^^i^;i5^<fij:^s separate and float processed substrate 4 so 
tiXii&mmifhliC^m^l^mL. much in processing chamber 1, next, it 
^{c:7°7XV208|^{^^l:A1~5o permeates into plasma 208. 
^<D^m^m<D^<it. ^imm IVIany of these float foreign materials are 
LXm, ^7XVq3{cPBDj2ifeb charged to negative, and they are shut up into 
tiZiK mmmTKM. plasma. 

Tyy206(Dtii:fjtm±^tl^t However, by the processing completion, it 
|5]B#(c, |^^SStS4(D^® (d attaches to surface of processed substrate 4 at 
#^L. ^<(D^^i)H^^Lfc^ the same time output of power amplification 206 
^<^M^aSfi4^ft'5^<i:{c/^ is suspended, unsatisfactory processed 
^o^\^. K^SStg4{viJf^j5)<;t" substrate 4 to which many foreign materials 
^U^^<'^~->(Dmi'^mi\:tim attached is made. 

^-e^#^»i>l^(c^oV^T(i, High integration of circuit pattern formed in 
liI^f§/^^->'©§/J^^tS^lO. 2 particular in processed substrate 4 progresses, 
5—0. 18 /i mi^lB-ftcQ— and, as for minimum line width of circuit pattern, 
iliioTi/ ti^oT. ffi^aSte 0.25 to 0.18 micrometer and miniaturization are 
4<D^E(c##-f S^i^Of--YX enhanced in field of semiconductor. 
t^'^-f^-^^ui^^—yx^^^^ff) Therefore, processed substrate 4 whose size of 
^^mmUAm'^hfi^-tkcfi: foreign material adhering to surface of 
^° processed substrate 4 is unsatisfactory also at 

submicron order is made. 

[0020] [0020] 

7 7XV;^a^g201<!:L Next, parallel-plate form plasma etching system 

X(D'^yX-7aLy^l/^'^^ff)-^ vvhich is one of the plasma etching systems as 

o-efc5W¥+Iff^7°7XV:cvy a plasma-processing apparatus 201 is 

'f->^'^m.\^^\i^xmi^m\'^X . demonstrated using FIG 1. 

Umir^. K\/^czfyX^20S^ Upper electrode 202 and lower electrode 203 

ff^^-t-5fBl|S^:^?F^/?gLT¥tTf- which formed interval which forms plasma 208 

■^i:^tc±.Umm202tTUmm2 mutually and became parallel are arranged in 

03<tSry7XVM^ll^{c:ifig plasma processing room 1 . 

ir^o T^M203±{^f4, Processed substrate 4 is installed on lower 

Mm^At^WW^tx^^o tZ.^X\ electrode 203. 

^n'^P^(DhUmM202tyU By the way between upper electrode 202 of 
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mm203t(Dmiat. ■}^m>h:r. processing chamber interior, and lower 
'y'^y^'^:ff^r>W^$^ti^o electrode 203, gas for etching is supplied from 

X.y<^-T:y^206(Dliitimi± exterior. 

fi, >'^^'^■:^/^v?a:^>^— i?205;6i And output voltage of power amplification 206 is 
^(DMJMW.it^li^iX'O^M^ti^ modulated by high frequency signal from signal 
So ^<7)^p^tbfc380~800kH generator 205. 

zU&(DMi^^U}±it. ^M^2 This modulated high-frequency voltage of about 
07{;ij;«95>i2^tLT±^|5®g20 380 - 800l<Hz is distributed by distributor 207, 
2trUM^203t(DmKmQ^ and is impressed between upper electrode 202 
tL-5o t*§oT, MM^f^V(DMcM and lower electrode 203. 
tciioT. W^^titc:r.y^y^' Therefore, according to discharge between both 
ffi;(/"x^y7X-vjt:L-C:/7XV2 electrodes, supplied gas for etching is 
08^m^^^. ^(Dm^mx-m plasmlfled and plasma 208 is generated. 
MaS«4^^2/^^/iy -tSi^^ Processed substrate 4 is etched with the active 
i^^£i>c MfC, ^y^-y^^fmmm type. 

Wt. ^y^yi^f (DmnikU^^ Furthermore, etching processing apparatus 
tit, ^(D^^^V^^tci-fiE^ monitors advance situation of etching, by 
li^^liii'i^tic^'DX^'^(Dy< detecting the end point as correctly as possible, 
^^'yMVtR'dH^^li^tiZJi^liC etching processing is performed so that it may 
^y^y^^mm^n^o Wh.m become fixed pattern shape and fixed depth. 
^^imtii^ti6ty<9-Ty-^20 That is, a detection of end point suspends 
6(DmMW±^th. ^©^M^ output of power amplification 206, after that, 
mmm4^mmmit^hmth^ti processed substrate 4 is taken out from 
So ^(Di&lc, -yyX-^zj^^y^iy^^ processing chamber 1. 
^WtL-Xlt^ ^M^-itfc-r-ii^n In addition, resonated microwave is introduced 
^l:2iALX^#^L<(ili#{>i as a plasma etching system, and there are 
ii^Xy'yX-^itLX^^y'fy^^ some which plasmify and etch by magnetic field 
-^^^(Di^h^c ttc, :^7X>^ or electrical field. 

M'^WtLXit^ ^J;i(fCVD;t?X Moreover, as a plasma film-forming apparatus, 
^±Umm^>^m^^U ^<DmM^ CVD gas is supplied from upper electrode, for 
$ti7tCVD:^XSri^jljSl;;/3{c example, there are some which plasmify this 
^^Xy'y:^'^itLXK!:c:^^'^X supplied CVD gas, it is made to react with high 
^^M&^±l,Cf^B:i~^h(D-i^ frequency electric power, and are formed into a 

film on processed substrate. 

10021] 10021] 
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d^i^.^mmim^yy^-ri^m Next, basic principle of plasma float 
^^sVMBW.lOO(D^^^MIi^ foreign-material measuring device 100 based 
ll2~|Il4SrfflV''TlftB^ on tiiis invention is demonstrated using FIGS. 

■rso ^y^-^wMmmmmm 2-4. 

lOOfi. :/^XV^3lg^(;lj8^^ Plasma float foreign-material measuring device 
X?B±LtcyyX-^208<D^^^L 100 needs to measure foreign material which 
<it&mcr^m-r^Mmmm floats to inside of plasma 208 generated in 
'i'6'^^^t^h?)o M2lHt, 7°^X plasma-processing apparatus, or vicinity. 
'^mmm^m^400kHztLtcm in fig 2, example of observation of plasma 
^('^o^tS^y^^^i^'cf (7)B#Ph^(C luminescence waveform with respect to time 
M-t^yy:^'^m^m^<Dmm under etching at the time of setting plasma 
M(^^mtm%Sk&[W]t(Dm excitation frequency to 400kHz (relationship 
^Tjk'to M2\C7]k'tXo<(^^ y between time and luminescence intensity [V]) is 
7XV^^^g[v]«,:/7X> shown. 

®|ej^iS^400kHzi[W|figUT. As shown in FIG 2, synchronizing with plasma 
mmd^l^mtLX^'Zmm^o excitation frequency of 400kHz, it turns out that 
I2|3(c(i, plasma luminescence intensity [V] varies 

yJ^T-ry^^xmmLtcm im periodically. 

^mMHzim^^mimYlt in fig 3, example (relationship between 
(D^U)^^-to M3{z.^-ti.^ frequency [MHz] and luminescence intensity 
{z.^ m^M'^^400kHzt^iDm. [mV]) which observed this luminescence 
^f^cOSOOkHz. 1200kHz, 16 waveform with spectrum analyzer is shown. 
OOkHz- • ■ (DMM&^^^i^MM As shown in FIG 3, it observes basic frequency 
^h^o ^tc, msitC^i-^oiz. and 800kHz, 1200kHz, 1600kHz*** harmonic 

0. TmV^ScD component of integral multiple of 400kHz. 
U^^£^^Bil^^j^^^otzMy^ Moreover, as shown in FIG 3, about 1.9mV is 
^5>{v:^bTS*/i^l:400kH observed about 800kHz of basic frequency and 
z jo j;t>'^®2j^(D800kHz{c:o double of 400kHz to noise component in which 
V^Tfll. 9mVfSS, -^roosigc^ luminescence intensity had about 0.7mV 
1200kHz{«loV'>T{ll. 6mVg various frequency components, about 1.6mV is 
-?:(^4{^<D160QkHz^co^^ observed about triple 1200kHz, and it observes 
Tdl. 4mVUf^MM^ti6o M about 1.4mV about 1600kHz which is 4 times. 
4{^fi, M3{:L7jkir/^Xf$.ji^^^ When intensity modulation is carried out and 
^^tc'^MX(Oyy:^-^m^(Dm FIG. 4 is irradiated on frequency of 300kHz 
^^^^iJ'h/Wi:, ^g:633nm about frequency spectrum of plasma 
(*^)cDix— if)t{>iov^Tjgj^ luminescence in the state except noise 
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:300kHz-C§iS'^^i^LTR§|=f component shown in FIG. 3, and laser beam of 
Lfc:||?7°7XV 41 wavelengh 633 nm (red), frequency spectrum of 

luminescence of scattered light which it detects 
from float foreign material in plasma is shown. 
That is, as shown in FIG. 4, when plasma 
excitation frequency is set to 400kH2, frequency 
■7^^-^^^(Dmi^m:^^^h/i' spectrum of plasma luminescence exists 
It. ym&Wi^^A^l^^tiy discretely like directjiowing component 240 
'<^'l^6^(D±\cm'M^j^240t4 and 400kHz component 241 on noise 
00kHz^53-241<bl/ ^^ct^^-itM component with various frequency components, 
^^tC^^SL. Ji^M^^c:i3^/^ it turns out that there is space area in optical 
X^^mim^h^^tt)m6. t. frequency domain. 

fc.m4t>ibm^^^t£J:5{c^mm Moreover, from plasma 208 generated on 
M&^4±l,^m±Ltc:/yX-720 processed substrate 4, it is in-adiated by foreign 
8;5^t.(i^i^/^iK;g;5)c5>(±(-30 materia! of submicron order which light with 
Onm(j4^:?1-7fe)~490nm(W- various wavelength components (mainly 300 
U&) ^W^tz^:^m^^ti nm (near-ultraviolet light) - 490 nm (blue) grade) 
mmLfz^y'^^ay^-y<D emitted light, and floated as is evident from FIG 
^im^^fi6:iacfj:^^ 4. 



[0022] 



oT, ^i|x.«\ jSfi:633nm(# 
b^;S633nrn, jij&i[300kHz 



[0022] 

It follows, for example, intensity modulation of 
the laser beam of wavelengh 633 nm (red) is 
carried out on different frequency of 300kHz 
from frequency of the above-mentioned plasma 
luminescence, this laser beam by which 
intensity modulation was carried out is 
irradiated in processing chamber 1, if only 
wavelengh 633 nm, and frequency component 
of 300kHz (that is, peak (when carrying out 
wavelength separation + modulation * 
synchronous detection of laser beam) 242) are 
taken out out of detection light, it can separate 
from plasma luminescence which has noise 
component which is made of various frequency 
components and various wavelength 
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^l^o^i'DX^i^L.^ta^cO'^^^h components in scattered light from foreign 
m^LfcU-^^O'^^f^j^t material of submicron order, and can detect. 
^mmmLtcmmmf^'j^i^m' thus, by extracting from both of frequency 
\^m^m)(Dmift-hmti:,'r^^ components (modulation * synchronous 
ti^^^X.^y^^ni^^^yo) detection) which carried out intensity 
M^^>^(DmU.^^. ^j:m modulation with wavelength component of laser 
^M^j^tm^fmM'^tt-h beam irradiated out of detection light, it can 
^£5y-fX^^^;t -f -S^^^XV separate from plasma luminescence which has 
^^75^e>53-SlLT^ai1--5^<b;i5 noise component which is made of various 
^mtfl?), iiU l^—f^O^M frequency components and various wavelength 
^MtdiiX\^m'mmmm^L components in scattered light from foreign 
fj:\^^t. Mm-b(DW^n.mi-:fv material of submicron order, and can detect. 
XV|g^{c:j;§li:^^^(7)4,(;^ If modulation * synchronous detection is not 
ffititvTt^i/ ^mmtH-r^ carried out, scattered light from foreign material 
:it^^^^mtf£6. t^^-x:\ m is buried into directjiowing component by 
^■r?,u~^^a)mMtLXit. plgg^g luminescence, and it becomes 
:/7X-r;6Si(^|§^-f 5300nm impossible to detect foreign material only by 
(j&^^yt) ~490nm (Wfe) U wavelength separation of laser beam. 
^tm^^-otcM^-^om-Bs^iX It can also be considered as red of long 
Xf^^^^yttir^-th-^mxh^ wavelength and infrared-light which differed in 
t\ -^y^^ny^i—^iDmm^^ plasma from 300 nm (near-ultraviolet light) - 
<DmLyti:^<t^tcld{=iim^ 490 nm (blue) grade which mainly emits light as 
•PfeV (Mx.l,^m^^tzlit^ a wavelength of emitting laser beam by the way. 
^3te)^ffl^^yc:;^;6W^LV^r But. it is more desirable to use shorter 
©i^t^. yy^'-^-A-ib^^i-m wavelength (for example, purple or ultra-violet 
"^-r^u—f-yt^mm ray) green in order to take much scattered lights 
^tctLXh. ^tiiyt<D^3f)>hm from foreign material of submicron order. 
^Ltc\y—f^(DmMf^^j^tm Thus, though laser beam which has wavelength 
^^MLtcm^Wc^^7>ff)WiM^ component which emits light from plasma was 
^.tttbt-S^it^ioT. f-:/^^ in-adiated, by extracting from both of frequency 
^y:i--y(DMm^-^(Dmi^ components which carried out Intensity 
^^ /-rX^dc5>^W i-^yyX^ modulation with wavelength component of laser 
^i^^>^'MLX^tii-t6:zt^> beam in-adiated out of detection light, it can 
"THbiiT'ceSo separate from plasma luminescence which has 

noise component, and scattered light from 
foreign material of submicron order can be 
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10023] [0023] 

m^.^mmmi>yy:^'^^m Next. 1st Example of foreign-material 

L<i'i^(D^i§{c'3M'f'^^^tf measuring device 100 which floats in plasma 

Sy^glOO<D^l(D^Jg#-|){^o based on this invention (or the vicinity) is 

^^xmrn-f-^o l211ioj;t/|2l5iv: demonstrated. 

it.^yX-^^^m^mmmmi in fig. 1 and FIG. 5, 1st Example of plasma 

00(DBl(DMMW'\^^i'h(DT:- float foreign-material measuring device 100 is 

fcSo ^7XV#iS^!|^|fiijgg shown. 

lOOfi, l^— if B?.lt)fe^^lOl, Plasma float foreign-material measuring device 

nkiLift ^ih^^ 7^ 10 2, is ^XI 100 is made of laser in-adiation optical system 

it-^^m-mW^lOSt^hf^^o 101, scattered-light detection optical system 

i^—fmM^^^lOlVli'i.t. 102, and signal-processing * control system 

■f. l&^tLX532nm(Dm{^^ 103. 

—•f^ ifTMi^B^tL By laser irradiation optical system 101 

-So ) ^ 633nm(DHe— Nei/— if First, P polarization beam 9 which it emited from 

it. 514. SnmCDArl/— if^, 7 laser light source 8 which emits 532 nm 

80nm(D^mi^u--^it^^tii solid-laser-material light (it excites by 

^-t6l^—fitM8-A^^tii^^ti semiconductor laser), 633 nm He-Ne laser 

tzPMit\:^^—J^9^^/i'=^^^y beam, 514.5 nm Ar laser beam, 780 nm 

■tvi^§fiS^i^;^10{CAlt-1"<5o semiconductor-laser light, etc. as a wavelength 

■^^^^f-^y^-j\^^k&^m^lO is irradiated to multichannel intensity modulator 

tLXiti. •^)V^^^l/^.;VKQi 10. 

(Acousto- Optical) ^i^:^ As a multichannel intensity modulator 10, 
Pii3tt:"— i^Sr:7>Si7t#^"tr multichannel AO (Acousto-Optical) modulator 
M^{^5>SIL^ %%9}M.^'Mz.^% and P polarization beam are separated into ' 
:^{>i^LT^n^ffMLfcR^^lr plurality by separation optical system, it can 
^%Wi%ir^^i.i\zMl^\skM.%, comprise from two or more mechanical intensity 
<r>W^Wl%BMM^^X%^ modulators comprised so that high velocity 
-t^^Lth^Xt^^ -^jv^=f-^iy:^ revolution of the disc which formed opening to 
^^^^^mmok\^X(Dmx.\t each of this separated flux of light might be 
AO'^^l^^fdfl, tt»^55;5^P> carried out. 

<f:>U'^\t^l20\z.m-^^ , %W. For example, with AO modulator as a 
^13, 14C0#-^;;i>btti;^$ti/t multichannel intensity modulator 10, it differs 
':^y^-^%%(DM^^t\t^fi^ from frequency of plasma luminescence 
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^!)x{i'Jl^#c300kHz, 500kH outputted from each of oscillators 13 and 14 
z, X'('40~60% i0t.L< based on control signal 120 from computer 55, 
i^'r=---'^-(50%)(D^MM^ for example, since frequency of 300kHz, 
i^^M^tiX\^^^tcib. Alt^ti 500kHz, and square-wave signal of 40 to 60% 
tcPM±^'—M.9it, ^^ti^coji^ of duties (preferably duty 50%) are impressed, 
ictiS^^H^HSo ^(OSk&^ intensity modulation of the P polarization beam 
m^ntzS.\^HLWl7ts:2-D(D\f~ 9 which it irradiated is carried out on these 

602ttt'— Ani:3f^/N-:/ frequencies, 
y 1 SOicMiiAi^^ti, Z<DU,iz^ These two mutually parallel beams 601 and 602 
tLfc2o(Z)t'— A(i^!^^160(C by which intensity modulation was carried out 
J;oT^S^c:^^^^,.|^^S(IS?M are enlarged by beam expander 150, these two 
aSte4c'3^J;f9;/^^/^^300mm enlarged beams are converted into two beams 
iU±)^t.oTft^^^52o(Dt:~" which focus with very deep depth of focus 
^■^i^^^^H^o fiP'^^ ISM^ (more major 300 mm or more than diameter of 
(v/i^"-:h;i^i/:iit-l^— i?)13St>^l processed substrate 4) according to optical 
4;^l^^2^^(c:M^c^5ji^^»(DfI-^ system 160. i 
%:2^^y:^^ji^m^^mmO(D That is, two emission beams 601 and 602 
(D'f'^y^^/v\zA;fji'^:Lt modulated on mutually different frequency are 
{cioT. 2'f-^y:^^M^^^M obtained from each of two-channel intensity 
^10(D^^^>hlit. 2i/^tcM^£ modulator 10 by inputting into each channel of 
^^^^■V^m^tifc2^(DiiiM two-channel intensity modulator 10 signal of 
^'—■^601&Xf602■^^^htl^o frequency which is mutually different from 
fI.L, 2f-ir>'^vw^g^ii^io oscillators (signal generator) 13 and 14. 
©^^T'^fff S2i/Mc^/iS However, as a mutually different modulating 
^M^&^tLXit. frequency modulated in each of two-channel 

42jRl&^^400kHz<!:L7t^#, intensity modulator 10, when plasma excitation 
400kHzRn^(DMm^J^6^(2 frequency is set to 400kHz, it is necessary to 
f§(^800kHz. SfiS^Ol 200kHz make it 400kHz and frequency (for example, 
^)C03fi{f^5iit^cj^^i[(^J;t 300kHz, 500kHzetc.) which avoided vicinity of 
fl\ 300kHz, 500kHz/.e,t') the harmonic component (800kHz of double, 

triple 1200kHz etc.). 

10024] [0024] 

ytmmM^n. M.-D^mLtc2 optical axis is adjusted, and it reflects by 

oco^frt"— A601^t>'602tt, galvanometer mirror (optical scanning means) 

PMi^X\ M%\f~J^7.'f^)y^\ 18 which two collimated beams 601 and 602 
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LxyyX'^^mm 1 {cam 

S-rSo ^(D^^K, 300mm^± 

oSE^IOm m~30M mfMit(7)2 
O(Dt:--A601, 602^ffil^5r 

ffi ^ *|l — (D a: y V dr' ^ ^ r* ^ $ 

t-A601, 602^MaS«4 
MMlhi^MLX. 2o(Dk--A6 

01. 602(D^^$^|^^(D!iltfS:g 

6 0 2 C» ift $ ;^ |B] M {4 g 



which approached are P polarization, and 
passes and carries out high-speed actuation of 
the polarizing beam splitter 17, observation 
aperture 7 which is made of quartz aperture is 
permeated, and it irradiates in plasma 
processing room 1 , whole-surface scan of the 
sky of processed substrate 4 is carried out. 
Thus, depth of focus called 300 mm or more is 
very deep, and when diameter uses beams 601 
and 602 which are two which are 10 micrometer 
-30 micrometer level, sky whole surface of 
processed substrate 4 can be scanned with 
uniform energy density. 

Moreover, with plasma-processing apparatus, it 
is thought that much foreign materials exist near 
the plasma sheath interface boundary. 
Therefore, to irradiate two beams 601 and 602 
so that near plasma sheath interface boundary 
of processed-substrate 4 right above may be 
passed is desired. 

Therefore, it is necessary to inside of plasma 
processing room 1 to enable it to adjust 
irradiation position of the height direction of two 
beams 601 and 602. 

That is, it is necessary to carry out optimally 
irradiation position of the height direction of two 
beams 601 and 602. 



[0025] [0025] 

Mt::^ r(7)l?|f— Furthermore, if two beams 601 and 602 

^S$ti2>2ocoi:'--i^601, 60 scanned with this uniform energy density are 

2t\ :/yXV2084^^L<f±i£f§ irradiated by float foreign material 209 of inside 

(Ommm^209imM^tii>t. of plasma 208, or vicinity, they will be scattered 

l^if iS^^209(c J:oTfcSL^ with this float foreign material 209. 

ti'So ^1^f(SL7fe210P(D9^A Scattered light by which backscattering was 

M^—J^601,602tm-(Dyt^ carried out to optical axis of the same as 
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irradiation beams 601 and 602 among 
foreign-material scattered-light 21 OP is reflected 
by galvanometer mirror (optical scanning 
means) 18, among tliose, S polarized 
component 210 is reflected by polarizing beam 
l>^^'0:^Mm(D^y7-(y<3O(DA splitter 17, it is condensed by irradiation end 
WiSffi20tcm3t$tL5„ ^a^i face 20 of optical fibers 30, such as quartz, with 

image formation lenses 19, such as quartz. 
Since direct reflection light from wall-surface 
1W and observation aperture 7 grade of 
processing chamber 1 is the same P 
polarization as incident lights 601 and 602, 
polarizing beam splitter 17 is permeated, it does 
not irradiate to optical fiber 30. 
Thus, about direct reflection light from 
wall-surface 1W and observation aperture 7 



fi^ Pii^fi?^. SM^MtH^J^ grade of processing chamber 1, the most is 

optically eliminable. 

In addition, above, case of P polarization 
illumination and S polarization detection was 
demonstrated. 

However, it is not limited to this and S 
polarization illumination and P polarization 
detection are also possible. 
In this case, it is necessary to make reverse 
reflection in polarizing beam splitter 17, and 
relationship of being transparent. 



[0026] 

mm2otf)^'^mmmcf£'DX\^^ 



[0026] 

As shown in FIG 6, center 60 of processed 
substrate 4 and irradiation end face 20 of optical 
fiber 30 have image formation relationship. 
However, fiber flux region (reception region) 70 
of irradiation end face 20 constitutes size (area 
65 shown in FIG. 7) which can also detect 
scattered light from ends 61 and 62 of 
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780nm);6Sttai$ix, 3fe«:i^^ 

7(Cji?>ix5o l^,^1^jSlsIi?&46, 
47(^#>^T'fi. U-— f3fe(7)'^^ 
(-fflt/^fc, |g^:g§13, 14©#^ 

•'(^J;tfl300kHz, 500kHz) , 0f 
Mcix^-x-f (^!l;itt*40~6 
0%, $TtL<(i5O%)(7)^ff0jS 
iS^lSl, 141^#R^fI-^iL 



Hz, 500kHz) (DM^iicSL^^ 
(#iJ;ttt*300kHz, 500kHz)^ 



processed substrate 4 which carried out 
defocus. 

Therefore, it combines with the two 
above-mentioned beams 601 and 602, in whole 
surface of processed substrate 4, uniform 
energy illumination * uniform sensitivity 
detection can be performed to micro float 
foreign material. 

Outgoing end of optical fiber 30 is connected to 
monochromator 40, the same wavelength 
component (532 nm, 633 nm, 514.5 nm, or 780 
nm) as laser beam 9 is extracted, photoelectric 
conversion is carried out by optoelectric 
transducers 42, such as photomultipiier and 
avalanche photodiode. 

Wavelength separation can also be carried out 
using not monochromator but interference filter 
as a spectrometer. 

In signal-processing * control system 103, after 
detecting signal is magnified with 
electric-current-voltage-transduction amplifier 
44 with about 500kHz band sufficiently larger 
than laser modulating frequency, it is sent to 
synchronous-detection circuits 46 and 47, such 
as lock-in amp. 

In each of synchronous-detection circuits 46 
and 47, foreign-material scattered-light 
component of intensity modulating frequency 
(for example, 300kHz, 500kHz) is extracted 
from detecting signal by synchronous detection 
by making into refer signal intensity modulating 
frequency (for example, 300kHz, 500kHz) and 
square-wave signals 131 and 141 of desired 
duty (for example, 40 to 60%, preferably 50%) 
which were outputted from each of oscillators 
13 and 14 used for modulation of laser beam. 
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5o ^(D1^^, IWIW^2SII]8§46 frequency components other than the 

Rl^47(D^^(Dii!i;bit.m4ic above-mentioned modulating-frequency (for 

^-tX^i^.y^^^^m^^^ example, 300kHz, 500kHz) component are 

^mmRX^mmmMmm:^^iz removed. 



m^^.-^y^'-^^mmi^icM!^ Next, signal which it observes when foreign 
^^^^LtdM^i^MM^ti^in material exists in plasma processing room 1 is 
■^^v:o^^T. ms^m^XWim-t demonstrated using FIG. 8. 
So msit. 2o(D^-if f-Aeo FIG 8 showed time change of output in certain 
lRm02^^^Lfj:t^f:,nibfi 1 scanning position on processed substrate 
^mm^1&m^46^ ATOI^M among output of synchronous-detection circuits 
oh. \k^mmU±.<Dh^-it^ 46 and 47 obtained while scanning two laser 
{Sg-CO W;^(DBtrHm{b^^t beams 601 and 602. 

tch(DXh^, m^b01Rn502 Peak signal 501a-501e and peak signal 
C09^. t°-^{t^501a~501e 502a-502e are foreign-material scattering 
&O't°^^^a^502a~502e;d^ signals among signals 501 and 502. 
M^tfcSLff -^-e&So ^i^lJrgL It detects foreign-material scattering signal 
M ^501ai502a, 501bi:502 501a, 502a, 501b, 502b and ***, and 501e and 
b, • • • , 501e<ir502ett, ^/ir If 502e at time when only time interval (DELTA) t 
-A601ir602(DrB'j|l&I>*^^ respectively decided by spacing and scanning 
3^«-C'**6^FBlfl'1l^ A tfctt-f rate of beams 601 and 602 offset. 
tbfcB#^jT'^m$ti5o At this time, Output I is based on noise which 

ffi;^If4. ^a^KDf^ii^H^ was not able to be removed according to the 
^7fi:if1i>h%^-^^m^m^(D above-mentioned polarization separation 
9*>^ fliJJiliC>ii3t^^(>iJ;o-CI^ among background noises generated from 
*b^n/^;0^ofc$|^(c:j;S'b(7) inner wall and 7 etc. of observation ports of 
-CfeSo ^«Wf:ll^{^J;5M processing chamber 1 . 
l^^/i^fi. \t^5QlRXl502\^ Direct current level by this background noise is 
'^i^h^u^;\^Xh^t^x.hfi considered that all of signals 501 and 502 are 
5cDT%j^^iiililHl8g^(Djt-^ these levels. 



As a result, as shown in FIG. 4, each output of 
synchronous-detection circuits 46 and 47 
constitutes signal with which both wavelength 
region and optical frequency, domain were 
separated from plasma luminescence. 



[00271 



[0027] 
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^SlHl^^g52{c*5^^T, Therefore, it sets in signal-processing circuits 

:^^hiM^5Ol^UW't^Z.tl,cX'0 52, such as subtraction amplifier circuit, 

'W^Wi.U^ytl^X?)\M.M^e'f^5^ direct_flowing noise component by bacl<ground 

tm^^h,. mcm^iH^m^m scattered light is eliminated by subtracting 

^<t(c:J;orill8(c) (C7j^-t^$p<lP] signal 501 from signal 502, furthermore, it is the 

— ^0^'#^^/J^^^{c*fLT±fS above-mentioned time interval (DELTA)t gap to 

NprBirHlPi At-f tL^ lE-^liC^H the float micro foreign material same as shown 

fc2o(7)js-^503d5|#^tL5„ ^ in FIG8(c) by performing magnification 

O^^^ititziM-^SOSi-i, M—(D^ processing, two signals 503 which appeared in 

positive-negative are acquired. 

V^B#rp^^T||fflLTl/^5fc^s6. Since this acquired signal 503 observes 

fcSLjI^^S©B#rHm^Sr«iiJ scattering signal by the same float micro foreign 

LTV^Sriri^/^-So t/t-^sX, ii^ material in short time, it observes time 

503^^'^M^^(DiB^-ii8iM^ differential of foreign-material scattering signal 

^SSlMm'j^M-r^t. ms strength. 

(d) $o< , #^'?iS^S/J^M^ Therefore, if integral processing of signal 503 is 

i^MLX±^^fi]f^M'C7r:^ti earned out by signal-processing circuits 53, 

^l'0<D±^t£V^f^i^:^^-t^^ such as integration circuit, foreign-material 

fW-^504;6^#t>ti5„ signal 504 which shows one major time width 

shown with the above-mentioned time interval 

^ to each float micro foreign material as shown in 

FIG.8(d) will be acquired. 

[0028] [0028] 

niW^BBX^n. K^-Y>'^56^:/^L By computer 55, scanning control signal is sent 

T^SflfiJtP'ff -^^;^f/w^y5;7— to galvanometer min-or (optical scanning 

(yt^^^m mcmK) . 2'0<D\f' means) 18 through driver 56,, and 

— i>.601, 602^^^Loo^^ foreign-material signal 504 which shows major 

^ilLW:'Q(D±^fj:^f^ilig:t7j[ki' time width in each scanning position can be 

^#3fs-^504^3i— ;^(ii'e€^. detected one-by-one, scanning two beams 601 

^^mmm4(DmtLXiH^(D/ and 602, it can store in memory unit 57 

(lll^it-r)*fc(i^^(«:^ provided in internal memory (not shown) or 

{t^tifcteHgg57(c:tBl®$ti. internal exterior in unit of processed substrate 

Sw,b;6SBrH^<b/£6o -^-L-C.^^Ji 4. 

SSl54fc^tT7"7XVMa And after plasma processings (for example, 

(Mtit^i^y^y^. CVD^) etching, CVD, etc.) are completed to processed 



9/30/2003 



45/92 



(C) DERWENT 



JP11-330053-A THOIVISOIM 




^Tl'S.t^ ^^^aS^^4d^^n;a substrate 4, processed substrate 4 is taken out 

^l^^^mta^nx m<Dm^m from processing chamber 1, and measurement 

^^4icM't^-^zf^i^tii^(D:t of float micro foreign material of submicron 

~y(D'-i^MUd^^m<Dnmi^^ order with respect to one sheet of processed 

7t"So S+^^55fl, feit^WS substrate 4 is completed. 

7(ctfi1g$tifc:=§-^^aS^^ Computer 55 can output detecting signal of float 

OLVco^M^iiLWVcD^mU^b micro foreign material in each scanning position 

M^CDl^tBff tti;^^^-C in each processed-substrate unit stored in 

feSf!lx.(ixVxyi/-f58{c/ii;'j memory unit 57 to display 58 which is output 

-rs^i;65BrHg-efcS<, means. 



[0029] [0029] 

fcb, UW-B.55t'\ MMaS|g4 When computer 55 wants to search for number 
(7)^^\lX\ 7°7XV^t<{i^C0 (quantity) of micro foreign material 209 which 
Ja{^^wy^^Ll:^^S^/J^M#l20 floats to plasma (or that vicinity) in unit of 
9(DmW^Mtc\^^m^iat. :l processed substrate 4, this foreign-material 
<DM!ll^iS^-504i::ffjw<y^y— signal 504 can be searched for by counting, 
18^— m^S-f 5^{ctffr-f ^ whenever it scans galvanometer mirror 18 
^tXy^l^^M^X^^o once. 

^Mm^4(Dm^X\ ^yXV In addition, in unit of processed substrate 4, 
^L<(4^©i£f§{cj'^jELXV^5 galvanometer mirror 18 may be rotated with 
^/J^M^^209(Dflil^^^^67c:V^ fixed time interval and several times of scan of 
^-a-t-^ :ff^i^^<y^y—18^mM the two beams 601 and 602 may be carried out 
®H#rHirn1llT:iSIS)$*T. 2o(7) to search for number (quantity) of micro foreign 
t'— 602^^^[sI^Sb material 209 which floats to plasma (or the 
Xhi.\^\ ^(DX^ic, |+M55{>1 vicinity). 

jSV^Tr^iSt^/jN^i^coig^^a Thus, occurrence of float micro foreign material 
^^Bir^^ti^X^^<DX\ can be grasped in computer 55. 
^mm^4(D^m^mmfti- Therefore, with increase in accumulation 
^^^WlM^f^(Di^Mt^i(Z., discharge time corresponding to processing 
l+^9y$;j^5#iS^/J^^fe(D^i#: number of sheets of processed substrate 4, it 
■d^MMLX\/^^^tAm'0 , r4}& can turn out that number (quantity) of float micro 
U.4^^W?t±Lf£\^^Xoi^WM foreign material measured increases, cause 
^^'^LXMM^M'tZ.t-A^X can be presumed that float micro foreign 
^^ t.tc, jUim^KD^V—^^l^i^f material is not generated, and measures can be 
^f^^^E^^z.^l0i•t^^ti^'5^t!i taken, moreover, cleaning time of processing 
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[0030] 

^^^b2o(D^ttiiiI^501, 502 

1. 502^, iB^^mm^52{cio 

^fc^Ztl^X-:>Xm9{a) (b) 

^-r ]Sfp< b^FbI 6^ (^-rti(7)/^ v ^2o 

X^6o ^(DXolc, niWm55ic 



^i&m^?>:Lti^x^?)(DX\ 



chamber 1 can be judged correctly. 
[0030] 

Moreover, two detecting signals 501 and 502 
are acquired from the same float micro foreign 
material by scanning two beams 601 and 602 
together by galvanometer mirror 18. 
Therefore, it sets in signal-processing circuit 52, 
signal which shows float micro foreign material 
can be emphasized, and high float micro 
foreign-material signal of S/N can also be 
acquired. 

For example, two detecting signals 501 and 502 
are set in signal-processing circuit 52, it is made 
to store in image memory once. 
Two detecting-signals 501' which does not have 
gap in time as shown in FIG.9(a) (b), and 502' 
are obtained by reading, where time lag is made 
for there to be nothing, signal is reversed and 
while it Is obtained takes difference for both 
signals, signal 503' which emphasized float 
micro foreign material shown in FIG.9(c) can 
also be obtained. 

Thus, occurrence of float micro foreign material 
can be grasped in computer 55. 
Therefore, with increase in accumulation 
discharge time corresponding to processing 
number of sheets of processed substrate 4, it 
can turn out that number (quantity) of float micro 
foreign material measured increases, cause 
can be presumed that float micro foreign 
material is not generated, and measures can be 
taken, moreover, cleaning time of processing 
chamber 1 can be judged correctly. 
As explained above, according to Example of 
this 1st, using two beams, it separates from 
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0(7)^:^(^01/ ^T^||/^M#li6: plasma luminescence and feeble- 



fHMWii^ti:t^(D±^fj: only signal by foreign-material scattered light 

Wf:$lB'^l&'9l^ta5>Ma(fi# can be selectively detected by removing loud' 

f^ff]f^^i<^M)^-t^:it'T:^ background noises, such as inner-wall 

^^U.^{^Xi)it^(D^^m^ scattered light, and carrying out integral 

^>(^^tii't^:iti^X^^X^^^ processing (time enlargement processing) by 

tti^iS;i^fB)±L. ^^^W:Xlt^ the above-mentioned subtraction and integral 

m^^^WMXh^ffM^ii?). -f processing, and foreign-material detection 

9XVtfi^]^<;(^^cr)jg|^(-jr^jg sensitivity improves, in conventional method, 

1~5f-7'$^py;t— ^ (D^/J^M detection of micro foreign material of submicron 

^<D>|^|±i;6S^|gi:/^§o order which floats in plasma (or the vicinity) 



%tz.^ ±tBlllO^;®#iJ'C'{i2:$: Moreover, two beams were used in said 1st 

(^t■-A^^^^;Ac;^^ 3^JiA±cD Example. 

^^J^^Wi\'^X\ib^}i\i'^^X However, it can also carry out using three or 

fc5o ^t^iJ-g-, WO^b\^-Mz^ more beams. 

<fc5t^5L{t^Srffii/^T. ±12^1 In that case, if the similar signal processing as 
<^%%'^\hMWii'^^^M.^"<^ said 1st Example is perfomned using scattering 

^-^(Dt:"— Aco^^lgia^ signal by adjacent beam, it is also possible to 

narrow scanning zone of each beam, and 
#^J(cJ;[:^ii7aiyN^®(D^^SB#rHl inspection time of wafer whole surface can also 
^^M^'^Z.th'^'^bfl^o'^. be shortened compared with the 
{c, t^'— A(0#:$r±i;!jP'f ttf*\ above-mentioned Example. 
aI/^:^®^^5^^|^0#{c^tB-f 6 Furthermore, If the number of beams is 

Rltb<t^c^5o ^f^s f^:^tS:SL increased, wafer whole surface can also be 
7t^i!cSL^^ai3t^^l02i?^ detected almost simultaneous. 
llj'f2>J:9l^ti^KL-7t(Dt:\ J^f/w Moreover, since it comprised so that 
/^y^^—lSW^St'lRlffl^-t-T backscattering light might be detected by 
^jF{c:/7X-74i^L<(±-?:(Di£ scattered-light detection optical system 102, it 
i^{cvf iS-f 5Mfe^^^Ui-f becomes possible to detect foreign material 
ii'^'^^}lf^y) . which is synchronized with scan of 




anticipated that detection is difficult can be 
performed. 



[0031] 



[0031] 
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galvanometer mirror 18 and floats in plasma (or 
the vicinity) easily, simplification 
(miniaturization) of laser irradiation optical 
system 101 and scattered-light detection optical 
system 102 can be achieved. 
According to these effects, monitoring becomes 
it is real_time and possible about contamination 
situation in plasma processing room, effect 
reduce generating of unsatisfactory processed 
substrate by foreign-material adhesion and that 
things can be carried out, and effect that 
apparatus cleaning stage can be grasped 
correctly are born. 

Moreover, since frequency of precedence check 
operation of foreign material using dummy 
wafer can be reduced, effect of improvement of 
cost reduction and productivity is born. 



[0032] [0032] 

^ fcx UUW.7(D\^^ic, y^X Moreover, it is necessary to devise so that inner 
-^^MlzX^KJt^l^^^t^^H face of observation aperture 7 may attach to 
$^XT*i^L?^^V^j:9l^X^i~ reaction product by plasma processing etc. and 

it may not deposit inside. 
For example, it can prevent that reaction 
product etc. attaches by providing shelter 70 of 
the form of a prismatic tube which projected so 
that reaction product might not infiltrate into 
inner face of observation aperture 7 as much as 
possible. 

Spacing of shelter 70 mutually opposing is 
narrowed In y axial direction, while extending 
y$9— IST^S pTt^/^c^ spacing of shelter 59 mutually opposing in the 
tfSi:*{crtffl(c:tT<{c?J^oTte direction of x-axis so that it can scan by 
if6£-Wi^^h^o ^tz^ ^(DMM galvanometer mirror 18 
^9(D^^Mi5:i^l::KJt±f^^ It is necessary to extend as it goes inside. 
^#^$^5#^P^^tt6:: Moreover, it can prevent that reaction product 
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etc. attaches to inner face of observation 
aperture 7 whicfi two more beams 601 and 602 
irradiate by providing exhaust port which 
exhausts reaction product etc. near the outer 
side of this shelter 59. 

IVloreover, it can prevent that reaction product 
etc. attaches to inner face of observation 
aperture 7 which two more beams 601 and 602 
irradiate by while mutually opposing and 
passing gas (for example, inert gas or process 
gas) which does not influence shelter 59 of 
another side from shelter 59 at plasma 
processing. 

[0033] 

Next, 2nd Example of plasma float 
foreign-material measuring device based on 
this invention is demonstrated using FIG. 10. 
FIG. 10 shows composition of 2nd Example of 
plasma float foreign-material measuring device 
based on this invention. 

Plasma float foreign-material measuring device 
is made of laser illumination optical system 104, 
scattered-light detection optical system 105, 
and signal-processing * control system 103. 

[0034] 

In the Example of this second, in order to 
distinguish scattered light by two beams, 
wavelength separation is carried out using laser 
of different wavelength, and foreign-material 
scattered light is detected. 
In this case, intensity modulation of the beam as 
well as 1st Example is carried out, by using 
synchronous-detection detection method 
together, laser scattered light is separated and 
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i^^'X'MLxmmi-^.&^t detected in both of wavelength * optical 
LX532nm(Dmi^U-^^ frequency domains from plasma luminescence. 
mi^\^-^vmm^ti^o ) . 633 intensity modulators 11 and 12 are made to 
nm(DHe-NeU-«,514. 5 irradiate P or S polarization beam which it 
nmOAr^-f-'3fe, 780nm©^ emited from laser light sources 8 and 9 which 
mi^l^-^^m<DUf£mM<D emit laser beams of different wavelength, such 
l^—fmtiiMt?>u~^^U as 532 nm solid-laser-material light (it excites 
8. 9:d^hti!iM^titcP^rcnsm by semiconductor laser), 633 nm He-Ne laser 
^^'-■l^i:^m^mmi. 12ic beam, 514.5 nm Ar laser beam, and 780 nm 
Alt ^-fr 6o ^&mm^ 1 U 1 2 semiconductor-laser light, as a wavelength. 
<!:t-Cji,AO(Acousto-Optic It can comprise from mechanical intensity 
aimm^'^mamf^LfcFim modulator comprised so that high velocity 
^^mm^-r?)^oimf^Ltzm revolution of the disc in which it formed AO 
mmnmm^^xm^'r^ (Acousto-Optical) modulator and opening might 
r<!r^iTt5„ 12 be carried out as intensity modulators 11 and 

tLX(Dm^nAommm^a. 12. 

mm55i^^mmimi20{c Based on control signal 120 from computer 55, 
M-5^.mmm3t^hti!,:b^titi it differs for example, in AO modulator as 
'^y^^'^m^(Dm^mtltMfj:h intensity modulators 11 and 12 from frequency 
m^im&moOkHz.r.^~T of plasma luminescence outputted from 
^40-60% m^L<n50%)<D oscillator 13, for example, frequency of 300kHz 
^Mms ^:^^m\l^tiXl^^fc and square-wave signal of 40 to 60% of duties 

. AM^titzP^tcltsmytb:- (preferably 50%) are Impressed to it. 
-Mt. ^<Dm^^X^^^m^ Therefore, intensity modulation of P or S 
ti?>o ^(Dmam^timmm polarization beam which it irradiated is carried 
■tLTtt. 7°7XV|S5^jg)^^jB out on this frequency. 

^XJ^'t(Di^mms^'^mfj:mx. as this frequency by which intensity modulation 
^^300kHzaS^ffi^^5o*^c. is earned out. different about 300kHz from 
if-J^<Di^mtP^rcitsi^ytt plasma excitation frequency and its harmonic 
i'^o ^(D^&^m^titc2^(0 component is used. 

t:-- 604(7)# ^ it. Moreover, polarization of beam is considered as 
-15. le-eSlt^-Br-Cfc'-Aiii P or S polarization. 

dr^/NVyi50{cj;i?l£;>^$tL. ^ It is made to reflect by mirrors 15 and 16, and 
(D^±^Ktz\i'~Mtyt^^l6 each of these two beams 603 and 604 by which 
Ol^M^mm\^^m.mm^i, intensity modulation was carried out is enlarged 
ojl^ltHO/x m~30// mSS by beam expander 150. this enlarged beam is 
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©;^4^.yhfc -i.603. 604icm converted into spot beams 603 and 604 whose 

diameters wtiich have very deep depth of focus 
according to optical system 160 are 
approximately 10 micrometer - 30 micrometer 
levels. 

[00351 [0035] 

2o(Dt--A603. 604(D^$[6$- Optical axis of two beams 603 and 604 is 
iiSt, ia^Lfc¥fTt'-i^60 adjusted, after making it collimated beams 603 
3. 604{^Lyt^. mytif~J^^y and 604 which approached, polarizing beam 
y s/^ 1 7^iiii^fciiSt=r$-fr, splitter 17 is passed or reflected, 
^/i'/ V$7- IS-e^lt^it, ^5 It is made to reflect by galvanometer mirror 18. 
^^(DUmm-i^ibfimm-^t Processing chamber 1 is irradiated from 
fiSM-f 5„ ;5f/WV57-51^lEl observation ports 7, such as quartz. 
m^^^^tiM. m^mmm4 By rotating galvanometer mirror 51, laser beam 
±0^ffi-ei^>-if5fe^^S-^-5„ is scanned in whole surface on processed 

^i(Dmmmmm.^—fif- substrate 4. 

Mt. ^mi^'>^y-^<Dm^mm Laser beam passes near plasma sheath 
4g4ii:±©y7X-vS/~>^^#B interface boundary of processed-substrate 4 
Hi5:^mM^i±^, icgL^^ttJ right above, such as semiconductor wafer, like 
3fe^5^105T'ft. :&^^7S-iiL 1st Example. 

X^m^i>^i)^h(Dmm^<Dm^ in scattered-llght detection optical system 105 
^<^0hS^tzl-iPM^I^6^^m it lets quartz aperture 7 pass, and S or P 
yti:'~J^^-^])yi$'17-CR^^fz polarized component is reflected or permeated 
JiiSjii^it, ^^^(D'f^j^uiyX by polarizing beam splitter 17 among scattered 
19-X:'^^^(D^yy4y<3ia)X lights which are, not polarized from processing 
Miffi20{::|g^$-a:5„ gjejoiU? chamber interior. 

m7ic^'ttU<±ti^l(Dmmm incident end 20 of optical fibers 31, such as 
tmm.^y74y<31(DA^i^2 quartz, is made to image-form with image 
0^. ^m±(Dj^60tyty7-<^<3 formation lenses 19, such as quartz. 
l<DAMiQ20^^^Smi^mmm Ploat micro foreign-material scattering signal 
4±(Dim(DM-^^Sb(Dmim§: from desired points on processed substrate 4 
^~^m^j:mm65^mc-^^^t can be detected by giving area 65 which can 
{cJ;o-t. m^mmm4±(DiiM receive scattered light from desired points on 
<^^.t^h<Dnmm^M<'l^mm processed substrate 4 which connects point 60 
^^^m-t^^tt'^X'^^, tJ^o on optical axis, and incident end 20 of optical 
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X, ±|e2ocof — 604t fiber 31 for incident end 20 of optical fiber 31 
W-tir. MMaS«4©^E(:ijy like said 1st Example as shown in FIG. 6 and 
^^Xj^mU4^m!^209icMLX FIG 7. 

Therefore, it combines with the two 
above-mentioned beams 603 and 604, in whole 
surface of processed substrate 4, uniform 
energy illumination * uniform sensitivity 
detection can be performed to float micro 
foreign material 209. 

[0036] 

Front end of fiber 31 is partitioned into two, it 
connects with monochromator 40 and 
monochromator 41 which were respectively set 
as wavelength of two lasers, wavelength 
separation of the scattered light by two laser 
beams is carried out, photoelectric conversion 
is respectively carried out by optoelectric 
transducers 42 and 43, such as photomultiplier. 
Flashing caution signal by which photoelectric 
conversion was carried out by optoelectric 
transducers 42 and 43 is magnified by 
electric-current-voltage-transduction amplifiers 
(amp) 44 and 45 which have sufficiently high 
band compared with modulating frequency 
respectively, it inputs into lock-in amps 46 and 
47. 

With lock-in amps 46 and 47, synchronous 
detection of each input signal is carried out by 
making modulating signal from oscillator 13 into 
refer signal, respectively. 
Thus, it separates from plasma luminescence 
and detects laser scattered light of each 
wavelength. 

After that, the similar processing as said 1st 
Example is made to output signal of lock-in 



10036] 

tlXis'o, #^ z:o(DU— if cdjS 

'^42Rn43X%mm^:^^tc 

-mf±Mmmm^ ir^^-f) 44r 

i:7-fyri^zf46RU47X\ 
M^i^-t^o :i(DXolcLX. 

:g (D 1/ - if ifc gL ^ y 7 X V ^ 

^^^hMLX^tii^tl^o 
Oy^-<l^Ty:f46RU47(D 

tiitim^-{^Mi.x±mmi(Dm 
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^^L. \sl~(Dm^^X^mm^ amps46and47. 

m^titz2<i(D\f-A603^ 604 According to Example of this second, it has 
^^yX^*il}immifhiz.m^U mutually different wavelength to 1st Example, 

two beams 603 and 604 by which intensity 
modulation was carried out on the same 
frequency are irradiated in plasma processing 
room 1 . two signals based on feeble scattered 
light generated from micro foreign material 209 



X^fJ^'^^m^^mm. mX. which floats to inside of plasma 208 or vicinity 

\tW9iM\.xmm\z.^X'r are detected, loud background noises, such as 

^^txnm:m-mmmL%\cX, Inner-wall scattered light, are removed using 

5ft^(7);^^3i^^{cttai-tS these two signals that it detected, for example, 

^lirf^J;'?. since only signal by float micro foreign-material 



[00371 

ti fcU r m g L 3t ^ 2 o © 
^300kHz<!:500kHz{C^ii7:^ 

W,2(D%W\'<:\-t, 2o(7)k-— 

m^f\.htz^, ^:Sll^l00nm 



scattered light can be selectively detected by 
extracting selectively only signal by float micro 
foreign-material scattered light by carrying out 
integral processing and enlarging in time, 
detection sensitivity improves, in conventional 
method, detection also of detection of micro 
foreign material of submicron order which floats 
in plasma (or the vicinity) anticipated to be 
difficult is possible. 

[0037] 

Moreover, in 1 st Example, when separating into 
two frequency components laser scattered light 
which it detected, 300kHz of modulating 
frequencies and high frequency component (for 
example, 1.5MHz component) common to 
500kHz will not be able to be removed 
completely, but will be slightly mixed in two 
lock-in amp output. 

On the other hand. In 2nd Example, since 
scattered light by two beams is separated about 
wavelength, as long as wavelength difference is 
set to 100 nm or more, it Is hard to produce the 
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above cross-talks. 

Moreover, two beams were used in said 2nd 
Example. 

However, three or more beams can also be 
used. 

In that case, since scanning zone of each beam 
will be narrow and will end if signal processing 
shown in said 1st Example is perfomied using 
scattering signal by adjacent beam, time 
required in order to scan whole surface of 
processed substrate (wafer) compared with said 
2nd Example can shorten. 
Moreover, wafer whole surface can also be 
inspected almost simultaneous by increasing 
the number of beams. 



10038] 
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[0038] 

Next, 3rd Example of plasma float 
foreign-material measuring device based on 
this invention is demonstrated using FIG. 1 1 . 
FIG 11 shows composition of 3rd Example of 
plasma float foreign-material measuring device 
based on this invention. 

This plasma float foreign-material measuring 
device comprises laser illumination optical 
system 106, scattered-light detection optical 
system 105, and signal-processing * control 
system 103. 

In 3rd Example, when separating and detecting 
scattered light by two beams, advantage of said 
two Examples is harnessed, using beam from 
which modulating frequency and wavelength 
differs, wavelength * frequency separation 
makes it respectively, and scattered light is 
detected. 

Each laser beam oscillated from lasers 8 and 9 
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with which waveliengths differ is P or S 
polarization, and passes AO modulators 11 and 
12, respectively, it modulates irregular on 
frequency which changes mutually with 
oscillators (signal generator) 13 and 14. 
As these modulating frequencies, plasma 
excitation frequency, different frequency of 
300kHz from the harmonic component, and 
500kHz are used. 



10039] [0039] 

^fii:'^i^J^i&&0^/^52:^i/ Each of 2 laser beams 605 and 606 from which 
— 1ffc"-i^605^t;«606O#>5r wavelength and modulating frequency differ is 
^^7-15, le-CSlt^it. 2^ reflected by mirrors 15 and 16. 
^-1ffc--A605&t/606(7)^ Optical axis of 2 laser beams 605 and 606 is 
ttl^i^SL. jft^Lfc^ff fc"-A adjusted, after making it collimated beam which 
t-Lfc^, ii^l: — i^j^yy^;/:^! approached, polarizing beam splitter 17 Is 

passed or reflected. 

It is made to reflect by galvanometer mirror 18. 
*-h^mm-^mMir^^^~;V processing chamber 1 is irradiated from 

^V5:7-18|rIfiIfe$-ti:5-iicj; observation port 7. 

•9. ^mtmmm i^m^^:^^^) a By rotating galvanometer mirror 18, laser beam 
±<D^®-e^-f-'3fe&^^1-5o is scanned in whole surface on processed 
l^— if Afj, ^^mmWLAU substrate (semiconductor wafer) 4. 
±0:/7XVi/-;^^#®{^ig Laser beam passes near plasma sheath 

mi%W%^ interface boundary of processed-substrate 4 
mo^X^-i^mmm^mLXn right above. 

^i^^^^m^^f}^h(DMm%(D In scattered-light detection optical system 105, 
Ma^<7)9-^S^fcttPii)fe^5}- S or P polarized component is reflected or 
^Mit^-J^^y^Jy^/nx^^ permeated by polarizing beam splitter 17 

'f^j^uyXi9X among scattered lights which are not polarized 
7t>'7-l'^^31<^AW*S20{^^{t from processing chamber interior obtained by 
^-fr-So ±12^1 joJ;t/^2(D^ letting observation port 7 pass. 
mmtmm. ^t^r-r^^SlOAW incident end 20 of optical fiber 31 is made to 
i^20^^m±(Dh^mot^y image-form with image formation lens 19. 
r-r^^31(DAM«20^IS^^$^ Float micro foreign-material scattering signal 
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from desired points on wafer can be detected by 
giving area which can receive scattered light 
from point on wafer on optical axis which 
connects a certain point 60 on optical axis, and 
incident end 20 of optical fiber 31 for incident 
end 20 of optical fiber 31 like said 1st and 2nd 
Example. 

Front end of fiber 31 is partitioned into two, it 
connects with monochromator 40 and 
monochromator 41 which were respectively set 
as wavelength of two lasers, wavelength 
separation of the scattered light by two laser 
beams is carried out, photoelectric conversion 
is respectively carried out by optoelectric 
transducers 42 and 43, such as photomultiplier. 
Flashing caution signal by which photoelectric 
conversion was earned out by optoelectric 
transducers 42 and 43 is magnified with amps 
44 and 45 which have sufficiently high band 
compared with modulating frequency 
respectively, with lock-in amps 46 and 47, 
synchronous detection of each input signal is 
carried out by making modulating signal of 
oscillators 13 and 14 into refer signal, 
respectively. 

Only foreign-material scattering signal can be 
taken out by performing the similar processing 
as said 1st Example to output signal of lock-in 
amps 46 and 47, and after that, eliminating 
background noise. 



[0040] [0040] 

^s^3<Dmmmi^^tHt. ^KD According to Example of this 3rd, it has mutually 

MMMi^MLX, different wavelength to 1st Example, two beams 

S^WL. S.\^H:iMti:^m^^X 605 and 606 by which intensity modulation was 

3^S^Hi^tLyt2ocDt — A60 carried out on mutually different frequency are 
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5, 606^7°7X-x'^a^lP>^{c irradiated in plasma processing room 1, two 
fiML, 7'7XV208cti^L<(i signals based on feeble scattered light 
7G:^{Ci$Mir6U^bM!^209-f)> generated from micro foreign material 209 
h?^^-t^Wi.Wj:W(.il^li^&^< which floats to inside of plasma 208 or vicinity 
2o<DiB-^^^ti^L. sM^m^ti are detected, by extracting selectively only 
;^c2ocoff ^?rfflV^Tl^^tJ:gL signal by float micro foreign-material scattered 
^^£H<DX^^l^^Mm^^m^^ light by removing loud background noises, such 
^?'i|;i{J^5>^aLT^fBl6^(- as inner-wail scattered light, using these two 
tlj:Xir^^t'^-^^mWbM'\^Wii signals that it detected, for example, carrying 
Bi^li^X.^it-^r(D^^MVi^iiC out integral processing, and enlarging in time, 
ttffi-rsrirfcif?, l^mWiA^M signal-to-noise ratio can be improved 
^Wi.U.^{cX.6iB-^(D^^M^ selectively and only signal by float micro 
&0\cs/"Nit^\p]±^-^XMM-t foreign-material scattered light can be 
5^<t^5-e#, ^(D't^^, observed, as a result, in conventional method, 

'eii-i^li\:imM'^'h6tfM^n detection of micro foreign material of submicron 
5. y^xV 4i^L< ififf fc/? order which detection floats to inside of plasma 
M't^f-y^^^^^^—}^'(DUAs or vicinity anticipated to be difficult can also be 



^i^-^^^ffiti^tgi/^ao ^fc, performed. 

M^WnU.^it.y'yX-^^ifA^ib Moreover, foreign-material scattered light is 

^S;i:•ii^Sic^D2o(OfJ^icio^^ separated from plasma luminescence in two 

X^M^tis 2o(7)t"'— A region of wavelength * frequency, furthermore, 

{Cj;Stfca.^'bEV''{^^fi:--lil^ since scattered light by two beams is also 

Wi:Wi:^(Dmi$,'(:^M^ti^tcii), mutually separated in region of both wavelength 

±ti'BlRU^2<DMMM\^it * frequency, compared with said 1st and 2nd 

20(Z)t:'— i»(cJ:5ifeSL5tco Example, degree of separation of scattered light 

\ by two beams is high. 

[0041] [0041] 

^/c, ±ti^3(DMMM'^%3:^ Moreover, it can also carry out using three or 

&^±(D\f—J>,^^\,-^Xff^:Lth more beams also in said 3rd Example. 

[00421 [0042] 

iSfct-.*^§^ia^>5y^yXV#iS Next, 4th Example of plasma float 

^^WMV&W:(DM4(DMMi^^H^ foreign-material measuring device based on 

ov^T|g|12^ocfc^/|g|13^fflV^T this invention is demonstrated using FIG. 12 



9/30/2003 



58/92 



(C) DERWENT 



JP11-330053-A 



Mm-t^o ^(DM4(DmMi^'Ht. and FIG 13. 

\^-^mm^^m07t. tfcSL^ This 4th Example comprises laser illumination 
Mtt]3t#^105<!r. 'fa^^a-Sy optical system 107, scattered-light detection 
^7^108:^^hMi^^ti^ ±ti^l optical system 105, and signal-processing * 
c7)^ifeM{-*5l/^T. 2^{7?t-— A control system 108, in said 1st Example, it 
601, 602<D^tt^— i6:$-B:fc# corresponds, when optical axis of two beams 
-a-t-ta ^ ir6o i^—f^MsA^h 601 and 602 is made in agreement. 
<DPt.tciiSM^<D\:f—J^9^, ^ It modulates irregular on frequency which is 
i'^^^g^l5a-C2otc::J}-tt, ^ different based on signal impressed by signal 
n^^xAO'^Ii^llS.t/12^ii generators 13 and 14 in AO modulators 11 and 
M^'^^:Ltli^^oX . AO^m^ 12 by passing AO modulators 11 and 12 by 
llRXfl2lCio\/^X>'Vi'/i^i^:T. dividing into two, respectively by branch optical 
^1^— ^13Sl>'14(cJ;f9^jD^ component 15a in beam 9 of P from laser light 
i^S^t■^{>l^':5^^-rM''^§JS^S source 8, or S polarization. 
^X^M^ti^o ^MJM&WctL As a modulating frequency, different 300kHz 
Xit.zf^^^^-^Bj&M&WnidXn from plasma excitation frequency and its 
-tcOrft I^^^^i^/^5^jx.(i'3 harmonic component and 500kHz are used. 
OOkHz, 500kHz^;gl 

10043] [0043] 

^M}Sii^^(D^fj:^2^(DU—f Two laser-beams 601" from which modulating 
tr— i^601\ 602'(D5fettlr-n-^ frequency differs, and after adjusting optical 
%^^Bl5hvm^L—^^'t axis of 602' by synthetic optical component 15b 
tz^. M%^'—J>>::^:/9:y^l7^ and making it in agreement, polarizing beam 
iiii^-ti:, :^>/V5:7-18TS splitter 17 is passed. 

W^^-fr. M^MTt^h^MMl^ It is made to reflect by galvanometer mirror 18. 
irMMi"So 18Sr Processing chamber 1 is irradiated from 

mte^-tirS^irtcJ;!?, m^mmm observation port 7. 

4±(D^®-ei/— if)^^^^-r By rotating galvanometer mirror 1 8, laser beam 
•So s^lcoMMMt^U^ U'— if is scanned in whole surface on processed 
-A601 \ 602'itmmmmm. substrate 4. 

lS_h(D7°7^Vv'— Laser-beam 601' and 602' pass near plasma 
jfi^iii^^-yrSo 16a, 16b sheath interface boundary of 
{i» Stt^-fr-STfe^g^T'Sj-So processed-substrate right above like 1st 

Example. 

In addition, 16a and 16b are optical components 
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to reflect. 

[0044] [0044] 

t5:SL3fe^^m7fe^^l02Ttt, m In scattered-light detection optical system 102, 
^^TSriiLT^tQja^ 1 (Ht^h(D S polarized component is reflected by polarizing 
Mm^(DmiL^<Dohsmtftl^ beam splitter 17 through observation port 7 

Axyy-;/^17-eS among scattered lights which are not polarized 
H^-^. l£^u>Xl dX-ytyr^ out of processing chamber 1 . 
^^3lcDAl=l-ffi20{^IS^^iiSo Incident end 20 of optical fiber 31 is made to 
^KoMMMt^sl^, %yr^^<'i image-form with image formation lens 19. 
l(0AltC20^^tt±(DfcSl^ Float micro foreign-material scattering signal 
GOt^yr^^^S 1(DAM^20^ from desired points on wafer can be detected by 
^i^31^lfi±C)f^E(^-'^^;0^t><7)S^c giving area which can receive scattered light 
SL)t^^^ Blsfe'leffi^^i^fcii- from desired points on a certain optical axis on 
6^<!;(-iJ;oT. ^ ±(OHM<^ optical axis which connects one incident end 20 
^^^h(D'S-MU^b^<^W^%lit^ of optical fiber 31 to 60 for incident end 20 of 
^^ffi-etSo ^y7'<^^30it\y optical fiber 31 like 1st Example. 
^iflfe;S:t^^^$tL/c^yi!'n^ Optical fiber 30 is connected to monochromator 
— i5'40{c:^^$ti, 7"7XV^)t 40 set as laser wavelength, wavelength 

ificgL^fet^^ separation only of the laser scattered light is 
yt^h-^/i-f^t^a) carried out from plasma emission spectrum, 
^m^^^^42-X:itm^^^ti photoelectric conversion is carried out by 
So 7feli^^i^*T-42'e3fe«^i^ optoelectric transducers 42, such as 
^ntziB^it.mmmil^m^it photomultlplier. 

^ir:^M\'^^i^i:^-t^Ty:/4 Signal by which photoelectric conversion was 
4i^X^i^^^ti, xxy^-i^yri^-f carried out by optoelectric transducer 42 is 
46Stj?47{CA;'3^tL2)o oyi^-Y magnified with amp 44 which has sufficiently 
VTl/y" A<a'BLX341X ^ high band compared with modulating frequency, 

-y^'-T/vV'^^^v—^Y-i'Bi.-illA it inputs into lock-in amps 46 and 47. 
(r>\t^^^m\t^t\^xnVi^ With lock-in amps 46 and 47, signal of signal 
^t"^.. riy':74yrv^A^'Bi,nA generators 13 and 14 Is made into refer signal, 
lo^\^1l\l.'fy'^'^^%ii>^$L and carries out synchronous detection, 
^W%,'BLUWimm)$M:>5-b^h respectively. 

:5)-fii$ti7tjI-^t/^-5o Output of lock-in amps 46 and 47 constitutes 

signal separated from both wavelength region 
and optical frequency domain from plasma 
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luminescence. 
[0045] [0045] 

^{c, yy^'-^mmm^imm Next, signal which it observes when float micro 
Ud^mHi^t^^^Ltcm^i^MB] foreign material exists in plasma processing 
$tL6ii-^^|2|13^ffiv^Tii|l! room 1 is demonstrated using FIG 13. 

So la 1 3(1, 1^— if f — FIG. 13 showed time change of output in certain 
^i^^£t^h^hti^t^yi!'^>'Ty 1 scanning position on wafer among output of 
y"(Dlii:h(Doh. '>^y^±(Dh^i lock-in amp obtained while scanning laser 
7^^itmx*(Dliitl(ommmt^ beam. 

^Ucho^lrh^, 11113(a), (b) FIG 13 (a), (b) respectively shows signal by 
«s ^ti^^ti, 1/— if i»601 ' laser-beam 601" and 602'. 

{c:J:5ft-^^;^1-o ■ft Peak signals 505a and 505b and peak signals 
^505&t/506(D9^. H'-^is 506a and 506b are scattering signals by the 
^505a, 505b^O^t:°-i^ft^5 same foreign material respectively among 
06a. 506b;OS^>!r I^C^tit^J; signals 505 and 506. 

-StJcSLia ^"Cfc^o Sfc , Moreover, output level I is based on background 

^/um. ^mm(Dmmwfiif noise generated from wall-surface 1W etc. of 
t>ibm±-t^=^^m'^i'iXih(0 processing chamber 1. 

-tr-e. ^tiS!c£Ut^50 Then, this time detects foreign-material 
SaiSOea, joj;t>'505b<h506b scattering signals 505a and 506a, and 505b 
Jl, ^^Mi^^m^ti. -Is. W and 506b. on the other hand, many random 
:i:$t^(c(t, 7>'^'A/ceaM$le' electric noises are included in background 
:6^#*^*tiTV^6o i^#CD'(7) noise. 

'^'K^mmx^.^m^mmmA M both characteristic of this is utilized and 
l-ct'9fS^505i:506cotl|l^,J; correlation of signals 505 and 506 is taken by 
ti(l\ tSli'^^flM^^^liSBttc congelation processing circuit 54, correlation 
M^^^°~-^507a. 507b<!;/^i9, ^ coefficient will constitute high peaks 507a and 
/c:7>^i^/^Wf:^^(l{ft^4B 507b at the time of foreign-material detection. 
M^Mtfa'O . M12, {c) moreover, random background noise 

^.tb^^l^^K) constitutes low correlation coefficient, signal 
7'«eM#)MtiJfI-^<ti-5o 507 shown in FIG 13(c) is acquired. 

This is made into final foreign-material detecting 

signal. 

[0046] [0046] 
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U{ii£{f{cy^itt^6^S/hmit^2 
tLfc7t$ft^-i6:^-B:/c2o(Di:^- 

A601\ 602'^:/yXV^a^ 

o^/^T1^@^maIHI^^§54T^J;i(^ 

\^±^^xmiii'r?>M^X^. 

v^^ii:xa^tiiimmxh^t 



Then, in computer 55, foreign matter number 
can be detected by counting signal 507 
generated at the same time shown In FIG. 13(c) 
as a float micro foreign-material scattering 
signal. 

That is, computer 55 is unit of processed 
substrate 4, and can compute number (quantity) 
of micro foreign material 209 which floats to 
inside of plasma 208, or vicinity. 
In particular, in unit of processed substrate 4, 
when computing number (quantity) of micro 
foreign material 209 which floats to inside of 
plasma 208, or vicinity, galvanometer mirror 18 
may be rotated with fixed time interval, and 
several times of scan of the two beams may be 
carried out. 

Thus, computer 55 is unit of processed 
substrate 4, and can grasp generating state of 
micro foreign material 209 of floating to inside of 
plasma 208, or vicinity. 

According to Example of this 4th, two beam 
601 ',602* which made in agreement optical axis 
modulated on mutually different frequency are 
irradiated in plasma processing room 1, two 
signals 505 and 506 based on feeble scattered 
light generated from micro foreign material 209 
which floats to inside of plasma 208 or vicinity 
are detected, correlation is taken for example, 
at this time about these signals 505 and 506 in 
correlation processing circuit 54, noise 
component which generates foreign-material 
scattering signal at random can be 
discriminated, and it can detect, as a result, 
signal-to-noise ratio can be improved further 
selectively, and only foreign-material scattered 
light can be detected, in conventional method, 
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^^.^tiS. :7°7XVn{3^1^<(j;j^ detection also of detection of micro foreign 

(D^mzWm't6l}-^^i^ay:t material of submicron order which floats in 

-^'(Dm4-mm(D^tiih ^mt plasma (or the vicinity) anticipated to be difficult 

^•^^o is possible. 



[0047] 

■So 

[00481 

o^^'Clal4^ffl^/^mBJ-r6<> 

^mi09,b. ticSLTfe^mTfe^mi 
05<b, fI-^M-$iJiP^108;i^e> 

V^T. 2*(0b'— A603, 604© 
AO ^ 1^;^ 1 1 ^ 1 2 {c: tl 

-^^AO'^i^^li iSi>'12(>:A;(3 

03\ 604'ttl^DjiM-e^p 
jS^^T^iM^'c^Si^ jS^300kHz<^ 



[0047] 

Moreover, if correlation of all signals is taken 
also in said 4th Example using three or more 
beams, it will become possible to discriminate 
noise (noise) component which generates 
foreign-material scattering signal at random, 
and to detect, as a result, highly accurater float 
micro foreign-material detection can be 
performed. 

[0048] 

Next, 5th Example of plasma float 
foreign-material measuring device based on 
this invention is demonstrated using FIG 14. 
This 5th Example comprises laser illumination 
optical system 109, scattered-light detection 
optical system 105, and signal-processing * 
control system 108, in said 2nd Example, when 
optical axis of two beams 603 and 604 is made 
in agreement, it corresponds. 
Laser beam from lasers 8 and 9 with which 
wavelengths differ respectively is led to AO 
modulators 11 and 12, respectively. 
By inputting signal of signal generator 13 into 
AO modulators 11 and 12, two laser-beam 
603',604' are modulated on the same 
frequency. 

As a modulating frequency, plasma excitation 
frequency and different frequency of 300kHz 
from the harmonic component are used. 
Moreover, polarization of beam is considered as 
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P or S polarization. 



[0049] 



[0049] 



2o(^t-— A603\ 604'(757feW Two optical axes, beam 603" and 604', are 

^MML. yt^^—^^^ttcif— adjusted, beam 603' which made optical axis in 

A603\ 604' {cLfc^, Mit^' agreement, and after making it 604', polarizing 

—J^^y'Vy'^17^mM-^tc{tK beam splitter 17 is passed or reflected. 

:ffjW<y^y--18X^S.M It is made to reflect by galvanometer min-or 18. 

^'t.U^M7t)^h^m^l^t Processing chamber 1 is irradiated from 

MMi-^a if/w<.y^y— I8^m observation port 7. 

fe^itSCiifciJ;^^ ^^m^^4 By rotating galvanometer mirror 18, laser beam 

±(D^^-V\y—f^^^^-t^o is scanned in whole . surface on processed 



%2(D%M^\\tmm.. 2^(DU~ substrate 4. 
, iffc-— A603\ 604'(i,MM Two laser-beams 603' and 604' pass near 
MW.\M.±.(Oy'y:^'-^i^—:^^^ plasma sheath interface boundary of 



ticSL^^^tH^^^105X?(i, M In scattered-light detection optical system 105, 

^M7^MLXfiI]iM'^l\^7^^h(0 it lets observation port 7 pass, and S or P 

MM?fe<Z)ticgL^«9*jS^fc(SP polarized component is reflected or permeated 
M^fe^^^iiTtk"— by polarizing beam splitter 17 among scattered 

17-eS#t*fc{ligji$-t-, lights which are not polarized out of processing 

^>Xi9-e^7T-f^<31<Z)AI+ chamber 1. 

ffi20(>i,fg#$-B:So yr-^y<31(D Incident end 20 of optical fiber 31 is made to 

taUi^li-i.. 2o{c:5>i')^tl'C^ Image-form with image fonnation lens 19. 

#^ r.<i<DU~-f(D&MKWt'^ Outgoing end of fiber 31 is partitioned into two, 

$tifc^yi:^i=i^— ^40*5j;t>'^y it connects with monochromator 40 and 

^n;?<— ^41(c^^$^x, 2^(DU monochromator 41 which were respectively set 

—f^liCX^WiU.^i^^i^M'^^M. as wavelength of two lasers, wavelength 

^ti, i5(0io<D:^h-^/U^(D^M separation of the scattered light by two laser 

^^^^42St/43'e3tfl;^i^ beams is carried out, photoelectric conversion 

^ti^o itM,^^^^42RU43 is respectively carried out by optoelectric 

X^m^^^fitcmytin^it. transducers 42 and 43, such as photomultiplier. 

#^^I^J^^l:tcJt'<-t-:7>iIv^ Flashing caution signal by which photoelectric 



processed-substrate right above like 2nd 
Example. 



[0050] 



[0050] 
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^l^^^"^6T>^7'44R045l^ conversion was carried out by optoelectric 
cfc*3tiifr§^tL. tiy^-(>'Tyy^46 transducers 42 and 43 is magnified witli amps 
RXl47^'i^i!^^i^/^i^:^^^^^^l 44 and 45 which have sufficiently high band 
3i!)^h(O^^^^Mit^-i:^Mit compared with modulating frequency 
-^iLT, ^AtliM^^^ti^^t^ respectively, synchronous detection of each 
mMW&i'^o r.c7)J:9t-bT. # input signal is carried out with lock-in amps 46 
iftfegLTtfi:/?^-^^ and 47, respectively by making intensity 
^^/5^?5^fittX^^tt}$tt5o ^ modulating signal from signal generator 13 into 
(D^^±m^4(DMMMt\^B(D refer signal. 

^M^Ml^X. ^^^Bm-^f^i:^ Thus, it separates from plasma luminescence 
'5^1<ir(cJ;^), yyXVttJ^t<(i and detects laser scattered light of each 
3fiff ic^?M1^6lS^/J^Mtl^1tttl wavelength. 

So :^^5(DMMW^XtHi. Micro foreign material which floats to inside of 
SlV^t^M^cCS^Sft^Wb, W\—(D plasma or vicinity is detected by, performing 
m^WcX^'^m^titc^^^—^ processing similar to said 4th Example after 
^*:^c2o(Db'— i^603^ 604' that, and eliminating background noise. 
^T'yXVMia^lrt According to Example of this 5th, it has mutually 

7'9X-r208^»^b<ftifi{f I'lV^ different wavelength, two beams 603' and 604' 
Mi' ^Wi^l^^^ 209 f)^h^±ir which made in agreement optical axis 
^UWJ:W(.il^\^&^<2^(DiB modulated on the same frequency are irradiated 
-^^^^tUL. rtbt»(Dit-^tc:ov^ in plasma processing room 1, two signals based 
TtlP^SI[Hli^54T:^Jx.fflWlR# on feeble scattered light generated from micro 
MXM^^t^^tl^i:^. ^^Wc foreign material 209 which floats to inside of 
U.it^^yy^^^^^^i'^B^ plasma 208 or vicinity are detected, by taking 
f^^t^^^lLX^tiii'^^tt^^X correlation for example, at this time about these 
t> ^(D'^^. ^^W(iU.it(0^^ signals in correlation processing circuit 54, 

jiS/NJ;b^|R]± noise component which generates 
^*Tl^tii1"6:it;^^'C^. t^Jfe foreign-material scattering signal at random can 

be discriminated, and it can detect, as a result, 
tL6. y7X-^4^^t<(ti4f#(^ signal-to-noise ratio can_.be improved further 
'^TMi'^'^y^^^^y^^^^^'^ selectively, and only foreign-material scattered 
/jN^i^co^^tti^b pJIbii^ce'So light can be detected, in conventional method, 

detection of micro foreign material of submicron 
order which detection floats to inside of plasma 
or vicinity anticipated to be difficult can also be 
performed. 
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iC300kHzi:500kHz(Cifcii/^ 

mx.i-£l. SMHzfiSc 

^:SM^100n 



[0051] 

Moreover, in 4th Example, when separating into 
two frequency components laser scattered light 
which it detected, 300i<Hz of modulating 
frequencies and high frequency component (for 
example, 1.5MHz component) common to 
500kHz will not be able to be removed 
completely, but will be slightly mixed in two 
lock-in amp output. 

For this reason, correlation coefficient of 
background noise may increase slightly 
On the other hand, in 5th Example, since 
scattered light by two beams is separated about 
wavelength, as long as wavelength difference is 
set to 100 nm or more, it is hard to produce the 
above cross-talks. 



[00521 

fc'' - A ^ ffi 1/ N T ^ T 0 If (D if@ 
[00531 

iJ g g ^ 6 (7) ^ #ij { C o 1/ ^ T 

io<b. mi%^\^%^%io2t. 



[0052] 

Moreover, two beams were used in said 5th 
Example. 

However, if correlation of all signals is taken 
using three or more beams, highly accurater 
foreign-material detection can be performed. 

[0053] 

Moreover, method of having located optical axis 
of two beams in said 3rd Example as well as 
said 4th and 5th Example can be done. 
Next, 6th Example of plasma float 
foreign-material measuring device based on 
this invention is demonstrated using FIG 1 5. 
This 6th Example comprises laser illumination 
optical system 110, scattered-light detection 
optical system 102, and signal-processing * 
control system 111, in 4th Example, two beams 
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(D\f—M,601 ' 602' ^— 0(^t"— 
—■^^AK '^J;tfl300kHz-e?^ 

El8(a)(C7i^t-fI-^501;4i'tt 

^ t T ii ^ y< ^ y 6 0 ( c IB 'It ^ -ti: 
5o ^ivi. iii^p«^y60{c:fB'li$ 

tl /-dl ^ 5 0 1 ^ ^ L T f d XL 

•&5^<b(cj:i9lll8 (b) i|wi#/ift 
-§-502^#S-<f:;6s-^>#6; 

01, 502(Dm^t?>^tiCX^X. 
y^XDC^^^|^*Lfdl--^50 
3^#5::t7js-t:-#5o Mid, ft: 
^55{i, ^(Dft-^503(Oy$a 

4?) 6tl fl:^ T' ^ $ -5 # 

^ b K { V? ]g ^ /Jn M ^ P> CO -ff 



601 '602' was used as one beam. 
Therefore, in plasma processing room 1, by 
300I<H2, intensity modulation is carried out and 
P with a wavelength of 633 nm or laser beam of 
S polarization is irradiated, from lock-in amp 46, 
signal of foreign-material scattered light 242 by 
which synchronous detection was earned out 
shown in FIG. 4 is outputted. 
And it sets in DC offset circuit 60, signal 501 
shown in FIG.8(a) is acquired by adjusting DC 
component. 

A/D conversion of this signal 501 is carried out, 
and it is made to store in image memory 60. 
Next, the similar signal 502 as FIG.8(b) can be 
acquired by reading signal 501 stored in image 
memory 60, for example, carrying out 
predetermined time delay in delay circuit 61. 
Then, it sets to computer 55, signal 503 which 
removed noise DC component can be acquired 
by taking difference of both signals 601 and 
502. 

Furthemiore, computer 55 computes featured 
variable shown by three-dimensional volume 
including concentration-difference value of 
signal which shows float micro foreign material 
of this signal 503, it can be recognized whether 
it is signal from float micro foreign material truly 
from this computed featured variable. 



[0054] [00541 

'^fc. stP^55(±, jS^^^lJaO Moreover, computer 55 reads signal 501 stored 

i^ni^^tltciB^501^m^tzL in image memory 60, for example, displays it on 

T^!l^tt\ ^Tjs^^SSC:^^ display means 58, waveform of noise 
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[0055] 



component based on scattering reflection light 
from foreign material adhering to side-wall 1W 
and observation port 7 of processing chamber 
is designated, and it Is made to store In memory 
unit 57. 

By this, computer 55 can discriminate waveform 
by float micro foreign material by examining the 
degree of alignment with waveform of noise 
component. 

[0055] 

Next, Embodiment at the time of introducing 
plasma float foreign-material measuring device 
based on this invention into photolithography 
process of semiconductor production line Is 
demonstrated. 



[00561 



So ST. llftft^ESOKci^) 

^mM.x(Dmmt^m^^iitz 

m305xm^^<^-yi,zMft>L 
^—>^-^:^^tLXUi?^hm^ 

5„ ^LT. =^y^yrmmimz. 



3fe 



[0056] 

FIG. 16 showed photolithography process of 

semiconductor production line. 

First, processed films, such as silicon oxide film, 

are formed on semiconductor wafer by film 

attachment apparatus 301 . 

Resist is applied by resist coating deyice 303 

after film thickness of two or more on wafer are 

measured by film-thickness measuring device 

302. 

Reticule and desired circuit pattern on mask are 
transfered by exposure apparatus 304. 
As for exposed semiconductor wafer, resist 
section corresponding to transfer pattern Is 
removed by image development apparatus 305. 
In etching system 306, it etches processed film 
of resist elimination section by considering this 
resist pattern as mask. 

And state of float micro foreign material 
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^titc^yX^mmmmmm generated in processing chamber 1 of etching 
miOO{:iX^X:r.y^>^'mm(D system with plasma float foreign-material 
mmMlP^icm^Ltc^mm^b measuring device 100 with which etching 
^>^<D^^mA^^P^i<ti.^^mm system was equipped is grasped considering lot 
m^tzim^mmm<7)uyh^ of processed substrate 4 or processed 
^iitLXi&m^ti^o ^(D^oic substrate as a unit at least. 
mm^titamM^iD^^^^m Thus, when generating state (for example 
mx.immm)i\ ^mmm^ foreign matter number) of grasped float foreign 
imm^fct^.mm55{cX^ material exceeds management value 
m7r^^^58^tcim(D{ii Jj^^ (regulation value), operator is told using display 
^ffl^^TMf^#{^^e>$i^. means 58 or other output means by computer 
■^m<D^V~-y^-mji^ti6. 55. cleaning in processing chamber 1 is 

^^tm^ii:^m^^£\^^m^ performed, 
tt, =^yf-y^'^Tm^mi^<>:r. When foreign matter number does not exceed 
y-mTyi^ymm307{MU regulation value, conductor wafer 4 is sent to 
^:^:^mim^^fitc1k. imm washing apparatus 308 in the second half of the 
°"308{ciibtLSo etching completion, after resist film is removed 

by ashing device 307. 



[0057] 



[0057] 

At etching system which is not equipped with 
conventional foreign-material detector in 
plasma, management of contamination situation 
of etching system is performed by time 
management, cleaning of processing chamber 
is not necessarily performed in suitable time. 
Therefore, cleaning is performed at stage which 
does not need to be cleansed essentially and 
throughput is reduced. 

Moreover, in spite of having passed over stage 
which should be cleansed conversely, 
processing is continued, defective is produced 
in large quantities, and yield might be reduced. 
IVIoreover, dummy wafer is inserted in 
in-process and etching processing is earned 
out. operation which samples dummy wafer 
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^\^i)mmxh^ti'^.^fi^ ^ 



[0059] 



after processing, conducts foreign-material 
inspection, and grasps contamination situation 
is performed, and metiiod of deciding cleaning 
stage based on tlie results is also taken, 
in this case, in order that excessive operation 
may go into photolithography in-process, 
throughput of photolithography process falls, 
cost of dummy wafer will be put on 
photolithography process. 

[0058] 

In that which according to this invention carries 
out wavelength * optical-frequency-domain 
separation, and detects micro foreign material 
which floats in plasma (or the vicinity) from 
plasma luminescence, loud background noises, 
such as inner-wall scattered light, are removed, 
by carrying out time enlargement processing by 
integral processing etc., S/N can be improved 
selectively, only signal by foreign-material 
scattered light can be observed, and detection 
also of detection of micro foreign material of 
submicron order which floats in plasma (or the 
vicinity) anticipated to be difficult is possible in 
conventional method. 

[0059] 

Furthermore, by using this invention to ashing 
device or film-forming apparatus, if realjime 
monitoring of foreign material of inside of ashing 
device and film-forming apparatus is performed, 
it will become possible to reduce ashing 
process of thography in-process, and defect of 
film-forming process reason, occurrence 
prevention of defective and improvement of 
yield can be aimed at. 
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fc, ^(DX.^iiX'OM'i&^titc^ Moreover, element manufactured by this 
M'^iU^±<D^^^^^ process turns into element of good quality 
^tCV'AWco^^ir/^So which does not contain foreign material more 

than regulation value. 



[0060] 

Lr400kHz, ly—fm^tLX5 
32nm. 633nm. U—f(D^^^ 

^mm^^tLX 300kHz ^ 500 



[00611 

V Ml ^ P 5^ ^ >- iJ^" ^ g 



[0060] 

Moreover, in the above Example, 300kHz and 
500kHz were used as 532 nm, 633 nm, and an 
intensity modulating frequency of laser as 
400kHz and a laser wavelength as a frequency 
of high frequency power source for plasma 
excitation. 

However, this invention is not limited to these 
values. 

Moreover, when carrying out separation 
detection of the scattered light by two beams in 
the 2nd and 5th Example among the 
above-mentioned Examples using difference of 
wavelength, beam-intensity modulation adds 
that it is not necessarily required. 

[0061] 

Moreover, the above Example is not limited to 
parallel-plate form plasma etching system etc. 
as an etching system, various kinds of etching 
systems, for example, ECR etching system, or 
microwave etching systems etc., or application 
to plasma-CVD apparatus etc. can also be 
performed. 



[0062] 



[0062] 



[HP^t^^mi [ADVANTAGE of the Invention] 

^^Pj{^J;tif±\ y^XV^i^L According to this invention, detection sensitivity 
<\t.^(D]S:\^<D'^y^^i;uyt.X(D of float foreign material to submicron in plasma 
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(or the vicinity) can be significantly improved by 
separating from plasma luminescence and 
detecting feeble scattered light generated from 
float foreign material to submicron in plasma (or 
the vicinity), as a result, real_time monitoring of 
contamination situation in plasma processing 
room is attained, generating of unsatisfactory 
product by foreign-material adhesion can be 
reduced. 

Effect of coming to be able to perform 
manufacture of high quality semiconductor 
element etc. in high yield is acquired. 

[0063] 

Moreover, according to this invention, from 
plasma luminescence, it can separate from both 
of wavelength * frequencies, and micro foreign 
material which floats in plasma (or the vicinity) 
can be detected, furthermore, by acquiring two 
detecting signals which show micro foreign 
material, loud background noises, such as 
inner-wall scattered light, are removed, S/N can 
be improved selectively and only signal by 
foreign-material scattered light can be detected, 
as a result, foreign-material detection sensitivity 
improves, it is effective in ability to perfomi 
detection of micro foreign material of submicron 
order which floats in plasma (or the vicinity). 



[0064] 

^|gi3^}cj;tb{i\ 7°7X-r 



[0064] 

Moreover, according to this invention, in that 
which carries out wavelength * 
optical-frequency-domain separation, and 
detects micro foreign material which floats in 
plasma (or the vicinity) from plasma 
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luminescence, two or more beams which 
differed in wavelength or intensity modulating 
frequency mutually are irradiated, two or more 
detecting signals based on scattered light from 
float micro foreign material are extracted, and 
based on time lag of two or more of these 
extracted detecting signals, by time things to do 
for enlargement processing, such as integral 
processing, only foreign-material scattered light 
can be enlarged selectively and can be 
observed. 



[0065] 

/5 ^ ^ O ic gL ^ ( c S -^X ii ® ;^ 



[0066] 



[0065] 

Moreover, according to this invention, in that 
which carries out wavelength * 
optical-frequency-domain separation, and 
detects micro foreign material which floats in 
plasma (or the vicinity) from plasma 
luminescence, two or more beams which 
differed in wavelength or intensity modulating 
frequency mutually are irradiated, two or more 
detecting signals based on scattered light from 
float micro foreign material are extracted, by 
taking correlation of two or more of these 
extracted detecting signals, only 
foreign-material scattered light can be 
emphasized selectively and can be observed. 

[0066] 

Moreover, according to this invention, laser 
irradiation optical system and scattered-light 
detection optical system are made compact by 
separating from plasma luminescence and 
detecting feeble backscattering light generated 
from float foreign material to submicron in 
plasma (or the vicinity), detection sensitivity of 
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(D 



OERVI/ENT 

float foreign material to submicron in plasma (or 
the vicinity) can be improved significantly, as a 
result, realjime monitoring of contamination 
situation in plasma processing room is attained, 
generating of unsatisfactory product by 
foreign-material adhesion can be reduced, 
effect of coming to be able to perform 
manufacture of high quality semiconductor 
element etc. in high yield is acquired. 



[0067] [0067J 

tcJ:tt(l\ :7"yXV Moreover, according to this invention, effect that 

^^taSttcD^y— r^>->/^B#^^jE cleaning stage of plasma-processing apparatus 

M^i&Mir6:z.tt'^^'^^9j}^h can be grasped correctly is also showed. 



10068] [0068] 

t.tc^^^^Mi^XtHf,y^—^^ Moreover, according to this invention, since 

^^^^\^^tz^i^(D^n^oLy^i^ frequency of precedence check operation of 

ll(^«it;6Ma«Tt5/cfe, foreign material using dummy wafer can be 

hi&Ut^m^(D\^±t^^09jj^ reduced, effect of improvement of cost 

h^i^rhti^o reduction and productivity is also acquired. 

[0069] [0069] 

^/c. ^^miiCXtm, M^^y-^ Moreover, according to this invention, effect that 

l^±i^(D^W}ith'^'^t^^^t\^^ automation of the whole production line can 

^^M^hM^?>o also be performed is also showed. 



[0070] 



[0070] 

Moreover, by using to ashing device or 
film-forming apparatus according to this 
invention, if realjime monitoring of foreign 
material of inside of ashing device and 
film-forming apparatus is performed, it will 



T:y>^>':/Xg4oJ;t/^flf become possible to reduce ashing process of 



9/30/2003 



74/92 



(C) DERWENT 



JP11-330053-A 



J^m(Dyt^^^im'r^^t:^^-^m thography in-process, and defect of film-forming 

t^i'O. ^^&(D^±m±t^^ process reason, occurrence prevention of 

^'0(Df^±^m^:Lt^^-^mt^^ defective and improvement of yield can be 

^° aimed at. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



[011 [FIG1] 

f-#§:/jXVMagg it is front elevation which shows 1st Example of 

{-^ltbtbfc7°7XVv^^^/^ plasma float foreign-material measuring device 

nimmm<D^l(DmmM^^-r provided in plasma-processing apparatus 

iEEIIlTfeSo based on this invention. 



[112] [FIG 2] 

y7XV^)\i(c:ol/ ^xmmLfzm n is figure which shows relationship of time and 

f^tm%^miv:\t(Dm%%:^-r luminescence intensity [V] which observed 

ST-fc-So about plasma luminescence. 



[1213] 

>^7X-V IS 3fe 0 1/ ^ T X ^ y 

[MHz] tmyt^& [mV] t(D 



[FIG 3] 

It is figure which shows relationship of 
frequency [MHz] and luminescence intensity 
[mV] which observed with spectrum analyzer 
about plasma luminescence. 



[134] [FIG 4] 

^^RUmmmmtm^ion^y it is figure which shows relationship of 

7X-7^3fe(D^S[nm].Jl^^ wavelength [nm] * frequency [kHz] of plasma 

LkHzltm^mi^O^^-m luminescence and wavelength * frequency of 

&mt(Dmm^^^i-m-^^h^. forelgn-matenal scattered light in optical 

frequency domain and wavelength. 

[EI5] [FIG 5] 

:^mmicm^y°yX-vmmmm it is top view wWch shows 1st Example of 

i^mihfifzzfyX-^ilTMM'^ plasma float foreign-material measuring device 

Btifi'JSg(D^l(7)^ii^!l^^-f provided in plasma-processing apparatus 
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[12161 



tfi!iiJi^M(7)B 1 ;6^tB 5(7)11 



mm 



THOiyiSOlM 



Vn* 



based on this invention. 
[FIG 61 

It is figure whicli shows image formation 
relationship of scattered-light detection system 
in Example of 1st to 5th of plasma float 
foreign-material measuring device based on 
this invention. 



[1171 ^ fFI&7] 

^mmiC^^yyX-^^m^m it is figure which shows light-receiving surface 

smimm(DMU>hm5<Dmmm of optical fiber in Example of 1st to 5th of 

\^W^^yr^y«D^^^^^. plasma float foreign-material measuring device 

•f ElTrfeSo based on this invention. 

[EI81 iFiG. 8j 

f-#>§y 7XV#iS^i^ It is figure which shows scattered-light detection 

smimm(Dmu^bm3<Dmmm strength by each beam in Example of 1st to 3rd 

{c:*3tt5.#>!r(7)t:-A{cj;5t5c of plasma float foreign-material measuring 

^l^mtamm. ^(ommmm device based on this invention, its subtraction 

t>'MtiMaifi^Sr.-j^1-|gl-Cfe waveform, and foreign-material detecting 

^° signal. 

[il9l [FIG 91 

^mm^m^fyX^nmmm They are scattered-light detection strength by 
tVmmmo^U^hm^cD-Mmm each beam in Example of 1st to 3rd of plasma 
\^iin^^^(0\f-Mz.^mil float foreign-material measuring device based 
%^n^im. Rmmm-^m on this invention, and figure which shows the 
^^^n^i^^r^TT^-tm-Qh^. correlation stuffing foreign-material detecting 

signal. 

[HlOl [FIG 10] 

^mmK^^fyX-r^mmm it is top view which shows 2nd Example of 
^m^-fh^fc-fyX-^W-M^m plasma float foreign-material measuring device 
nm'^m.(0^2(D%Mm^7rs'r provided in plasma-processing apparatus 
^ffiiaTfcSo based on this invention. 



9/30/2003 



76/92 



(C) DERWENT 



JP11-330053-A 




11] 

^ {t b tL 7t -7° 7 XV if ig ^ /j^ 

[mi2] 

1013] 



[FIG 11] 

It is top view which shows 3rd Example of 
I plasma float foreign-material measuring device 
provided in plasma-processing apparatus 
based on this invention. 

[FIG 12] 

It is top view which shows 4th Example of 
plasma float foreign-material measuring device 
provided in plasma-processing apparatus 
based on this invention. 

[FIG 13] 

They are scattered-light detection strength by 
each beani in 4th and 5th Example of plasma 
float foreign-material measuring device 
provided in plasma-processing apparatus 
based on this invention, and figure which shows 
the correlation stuffing foreign-material 
detecting signal. 



a ^ ft IS {t b ifc y ^ XV V? 

[12115] 



316] 

*l§ lc#§:/7XVjf ig^ 



[FIG 14] 

It is top view which shows 5th Example of 
plasma float foreign-material measuring device 
provided in plasma-processing apparatus 
based on this invention. 
[FIG. 15] 

It is top view which shows 6th Example of 
plasma float foreign-material measuring device 
provided in plasma-processing apparatus 
based on this invention. 

[FIG 16] 

It is figure which shows photolithography 
process of semiconductor production line which 
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mAl.tc^^mmmy^y(Dyi-. introduced etching system equipped with 
h>'y^-77^'Xa^,T.-ri2I-Cfc plasma float foreign-material measuring device 
^° based on this invention. 

m^cDmm l [Description of Symbols] 

lW-mm.4-m Processing chamber, 1W... Side wail 4 
2M«(^#fr.>^.^),7• •SI Processed substrate (semiconductor wafer) 7 
m-...8^9-u—f^m.l0... Observation port. 8, 9... Laser light source ' 
■^^^^^f-^y^^^i^SmmmmA 10... Multichannel intensity modulator (AO 
ommm. U. modulator). 11, 12... Intensity modulator (AO 

J(AO^W). 13. 14:-^^ modulator). 13. 14... Oscillator (signal 
(.iy^i-Ji^iya,:^U-~^)^l5a generator), 15a... Branch optical component 
ht&yt^mm.l5h-^l^^ 15b... synthetic optical component, 1 6a 16b ' 
16a. 16b-Slt3l6^^ Reflection-light study component' 17 
m.l7-myt^-J>.^yVy^^l Polarizing beam splitter 

8- #.u. m^^m . 1 18... Galvanometer mirror (scanning means) 

9- -^i^uy;^^ 30. , 19... Image formation lens, 30. 31... Optical 
-^^^40. 41-^yi^p^~^^4 fiber 

2. 43^..5feS;'^^m^. 44. 45 40, 41... Monochromator, 42. 43... Optoelectric 

-m'M-mi±^mm^. 46. transducer, 44, 45 

47-ny^^>'7'>7°. Electric-current-voltage-transduction amplifier 

^WmmmmmW.SS... 46, 47... Lock-m amp, 52... Slgnal-processmg 

m^^M^.54-Wmmm^. circuit (subtraction amplifier circuit) 53 

70-Mt>#«^ Integration circuit, 54... Correlation processing 

ttt^.T''''^^^^'^^'™^ ^^'^P"^^^- Foreign-material 

^stSiJi^g. 101. 104. 106. 1 adhesion prevention means. 100... Plasma float 

07. 109. uo-i^-iffiglt^t foreign-material measuring device 101 104 

JJ. 102. lOB-mimm^ lOe. 107, 109, 110... Laser irradiation ;pticai 

-f-,^ 103. 107. 108. Ill- system, 102, 105... Scattered-light detection 

fa^M.»,^. 202-±M optical system. 103. 107 108 111 

m. 203-T^mm.205-mm Slgnal-processmg * control system 202'" 

mmm {iy^'rjv^J:.^^--^) ^ upper electrode. 203... Lower electrode 205 

"'■^'^ P°^^^ source '(Signal 

2^. 30r-||f#tt^g. 302- generator). 208... Plasma. 209... Float micro 
MM/E*fi. 303-^>?;^|>^ foreign material. 301... Film attachment 
^^g. 304-g^gg, 305- apparatus. 302... Film-thiclcness measuring 
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y J >^ y ^ uevice, juj... Resist coating device, 304... 
. '^^01-Tvl^:yr^m.. 308 Exposure apparatus, 305... Image development 
*° apparatus, 306... Etching system 

307... Ashing device 
308... Washing apparatus. 
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[FIG 1] 
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206 Power amplification 

207 Distributor 



See [Description of Symbols] a/so. 



[1112] 



[FIG 2] 
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Luminescence Intensity [V] 
-> time 



[FIG 3] 
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[MHz] 



Luminescence intensity [V] 
Frequency [MHz] 



[FIGl 4] 
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m • 4 



240 




300kHz 



241 

<- Laser scattered light by foreign material (when not 
carrying out modulation and synchronous detection) 
Plasma luminescence (dlrect_flowing component) 240-> 

242 Laser scattered light by foreign material (in the case 
of modulation and synchronous detection) 

Frequency [kHz] 

Luminescence wavelength [nm] 

<- (633) (laser wavelength) 

<-241 plasma luminescence (RF=400kH2 component) 
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Scattered-light strength <- 
Signal strength <- 
-> Time 
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102. 105 



1 u-lfm 



101, 104, lOB. 
107, 109, 110 



OEFlWE 



307 Ashing (resist elimination) 

307<- Contamination situation evaluation -> etching-system all cleaning 
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50, 51 DC offset circuit 
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50, 51 DC offset circuit 
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